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AUTHOR'S PREFACE TO NEW EDITION, 


THE improvements made in Artificial Manures, 
and their extended employment in agriculture even 
since the publication of the present work, have 
rendered desirable a revision and extension of the 
articles on this important subject; and as the other 
portions of the work do not at present need any 
material alterations, it was decided to add such new 
matter in the form of an Appendix. In this I 
have endeavoured to supply a fair account of the 
more important artificial manures now in use, with 
such observations on their successful and economical 
employment as have been suggested by a more 
extended experience of their composition and prac- 
tical effects, as necessarily gained in my present 


position as public analyst. As I have had the 
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gratification of finding this volume a book of frequent 
reference amongst all classes of agriculturists, I also 
take the opportunity of supplying a complete Index, 
to render it more useful in this way. 

I may also take the opportunity of expressing my 
grateful acknowledgments for the very flattering 
reception accorded to the present work, which has 
reached a circulation, both in this country and on 
the continent of Europe (having been translated 
into at least five languages) and America, probably 


greater than any former work on the subject. 


ALFRED SIBSON. 


11, Eaton Terrace, St. Joun’s Woop, 


Lonpon, April, 1867. 


PREFACE. 


—= 


ALTHOUGH we possess several excellent works on 
Agricultural Chemistry, I have long felt the want 
of a treatise sufficiently comprehensive, and at the 
same time sufficiently explicit and correct, to be 
put with advantage into the hands of a person 
ignorant of the first chemical principles, and 
unaccustomed to scientific language. This want, 
I think, will be supplied by Mr. Sibson’s treatise. 

There are several excellent works which, like 
“ Johnston’s Agricultural Chemistry,’ would render 
a new treatise on Agricultural Chemistry super- 
fluous if they embodied all the recent chemico- 
agricultural discoveries, and could be obtained at 
a price sufficiently low to secure an extensive 
circulation. There are other meritorious works on 
Agricultural Chemistry, which are written by 
authors who evidently in great measure are un- 
acquainted with the practical wants of persons 


interested in farming pursuits. 
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Mr. Sibson’s treatise certainly possesses the merit 
of being written by a gentleman who for several 
years has resided in the country, and has had many 
opportunities of becoming personally acquainted with 
the wants of the farmer, and has taken an active 
part in several important investigations that have 
been carried on in my laboratory. Mr. Sibson 
also has had extensive experience for noticing the 
peculiar difficulties that present themselves to the 
unscientific reader of works on Agricultural 
Chemistry. I believe, also, the natural arrangement 
of the subject-matter in the treatise,—an arrange- 
ment which is fully explained in the first introduc- 
tory chapter, will be found as novel as it is practically 
useful, and conscientiously recommend Mr. Sibson’s 
work to the considerate notice of the public. 


AUGUSTUS VOELCKER. 


RoyaL AGRICULTURAL CoLLEGE, 
CIRENCESTER, Sept. 1858. 
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AGRICULTURAL CHEMISTRY, 


CHAPTER I. 
INTRODUCTION, 


Amonest the causes that have led to the present advanced 
position of the agriculture of this country, not the least 
prominent is the assistance agriculture has received at 
the hands of Science. While nearly every branch of 
Natural Science has more or less contributed to the gene- 
ral improvement of agriculture, Chemistry, undoubtedly, 
occupies a high rank amongst the means that have 
helped to advance this most important branch of human 
industry. 

As it is the peculiar province of Chemistry to teach us 
the composition of all earthly objects, to make us ac- 
quainted with the materials of which they are composed, 
and the changes these materials undergo when exposed 
to different influences, it is not surprising that Chemistry, 
of all other natural sciences, is the one most concerned in 
the operations of daily life, or is the one most capable of 
affording information on all points connected with the 
natural and artificial changes constantly proceeding in all 
the materials of the earth. And as Chemistry is ever 
ready to impart, when properly solicited, any amount of 
this kind of knowledge, it cannot be wondered that 
nearly every branch of human industry has at different 
times received benefit from the hints and suggestions of 
this most useful and practical science. 
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Agriculture is peculiarly susceptible of improvement 
from Chemistry, inasmuch as many of the practical opera- 
tions performed by the farmer are essentially chemical 
processes ; and at the present time, when the use of 
artificial manures is nearly indispensable in the farm 
routine, a knowledge of at least the general principles of 
Chemistry is almost imperative in the farmer who expects 
to avail himself of all the appliances ef modern agri- 
culture. 

Amongst the numerous contributions of Chemistry to 
agriculture, perhaps the most important is the introduc- 
tion of artificial manures into the system of cultivation ; 
and were this the only practical service conferred by 
Chemistry, it would, on this account alone, be entitled to a 
high place in our estimation ; since it is to an extended 
use of these materials that we must chiefly look for the 
means of increasing the produce of the land, to meet the 
wants of a constantly multiplying population, Not only 
does Chemistry teach us the best means of preparing and 
applying these important fertilizmg agents, but it points 
out to us sources of them which we should otherwise have 
entirely overlooked. At the present time we manufacture 
valuable manures from substances that formerly would 
never have been dreamt of as sources of fertilizing mate- 
rials. For instance, there are found, in certain localities, 
beds of minerals resembling, in their external properties, 
those of ordinary rocks and stones; but by chemical 
analysis they are found to contain a compound called by 
chemists phosphoric acid: this compound is an essential 
constituent of nearly all kinds of cultivated produce. In 
grain, roots, hay, &c., we find considerable quantities of 
phosphorie¢ acid, which has been derived from the soil on 
which this produce has been raised. The soil always 
contains phosphoric acid, but often in deficient quantity : 
we endeavour to increase the quantity by adding manures, 
most of which contain this substance in greater or less 
abundance. On the discovery of the presence of phos- 
phoric acid in the minerals above noticed, the thought 
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would naturally occur to us to make use of them asa 
source of this valuable fertilizing compound. | But a dif- 
ficulty presents itself: it is also found that the phosphoric 
acid occurring in these minerals, exists in an insoluble 
stony form, utterly incapable of being assimilated by the 
delicate roots of plants. Hence its addition in this form 
to the soil is followed by no good. result. 

But here Chemistry again comes to our assistance ; it 
not only leads us to discover an unexpected source of a 
scarce material, but further directs how to proceed in 
changing the insoluble useless form in which we find it 
into a state that will admit of its use as manure. By 
following these directions the difficulty is overcome, and 
we are able to prepare a valuable manure from useless 
stones. The minerals we allude to are called apatite, 
phosphorite, coprolite, &c., and at the present time are 
largely employed as the raw material from which the 
well-known manure called superphosphate of lime is 
prepared. With nearly every other point of agricultural 
economy chemical principles are more or less intimately 
connected. Hence, by understanding these principles, the 
practical man will often be able to act with certainty in 
cases where, otherwise, having no rule to guide him, he 
can proceed only with hesitation. 

Amongst the numerous branches into which the science 
of Chemistry has necessarily become divided by its rapid 
extension during the present century, Agricultural Che- 
mistry is undoubtedly amongst the most important, and at 
the present time is certainly one of the most active and 
flourishing of these divisions. As in the economy of 
manufactures the division of labour is found to be so 
conducive to a high state of excellence of the manufac- 
tured produce, so, in the science of Chemistry, its mar- 
vellous extension during the present and two or three 
preceding generations, is chiefly to be attributed to the 
fact of each of its divisions having been taken up by 
particular chemists, who, by directing their energies to. 
~ that portion of the subject best suited to their tastes, 
B 2 
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have raised it to a high degree of excellence, and thus 
have contributed to the enlargement of the mass of 
knowledge at present comprised under the head of 
General “Chemistry. At the present time several dis- 
tinguished chemists are satisfied to devote the best of 
their energies to the subject of Agricultural Chemistry, 
which, in so far as its connection with the general 
welfare of the community is concerned,. apart from its 
intrinsic merits, is certainly one of the finest of human 
pursuits. 

As most of the operations of agriculture are an exten- 
sion or adaptation of those of Nature, it follows that all 
the chemical changes involved in the phenomena of ger- 
mination, growth, development of seeds, and final decay 
of plants, as well as the more important changes belong- 
ing to animal life, must be included in the Chemistry of 
Agriculture. This subject will also include the changes 
that accompany the alteration in the quality of land, 
either for the worse, by exhaustion or mismanagement, 
or for the better, as in the reclamation of waste lands 
and the restoration of those whose fertility has become 
impaired by culture. 

To every one who takes an interest in the operations 
of nature, the development of every sort of agricultural 
produce in our fields and homesteads must be a source of 
wonder and delight. For instance, what can be more 
interesting than the growth of a wheat crop? We see 
the seed placed i in the ground; in a short time young 
plants appear above the surface ; the seed that had been 
preserved so long in an inactive state, when exposed to 
the influence of moisture, warmth, and air in the soil, 
germinates ; or, in other words, the spark of vitality that 
had lain dormant so long in the seed, is awakened, and 
expends its first efforts in the production of an infant 
plant, which, so soon as it reaches the daylight, is able to 
provide for itself, and collect the requisite food for its future 
nourishment from the surrounding air and soil. By the 
imperceptible yet rapid increase “of substance, the crop 
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acquires strength and vigour, produces blossoms, and 
finally seeds, which duly ripen and wait to be gathered. 
What can be more beautiful than a field of wheat in this 
condition? Every one must admire such a scene, whether 
he regard it as a natural object of great beauty, or as the 
source of our daily bread. 

In contemplating such a scene, we naturally reflect on 
the composition and origin of the produce before us. We 
know that the grain of wheat contains flour, which, when 
properly prepared, will become bread, capable of nourish- 
ing and strengthening our bodies. Whence comes this 
flour? The plants have gradually increased in substance 
from the period when they first appeared above the 
ground, and have fully developed their seeds or grains, 
but whence has been derived the necessary material? It 
must obviously come from the earth, or the air, or the 
moisture, or from each of these sources; but what mar- 
vellous changes must take place before these materials 
can become the vegetable produce in question. Such a 
scene has an additional interest to the farmer, who, looking 
upon the crop as the means by which he is to pay his 
rent and remunerate himself for the labour and anxiety 
expended in its cultivation, and that of several preceding 
crops, will reflect more deeply than the casual observer 
on the circumstances connected with its growth. He 
knows that the produce before him has been chiefly pro- 
duced at the expense of the soil, That some essential 
constituents have been directly obtained from the soil is 
evidenced by the well-known fact that the soil will re- 
quire manure and rest before it can produce such another 
crop. But even the farmer, although better acquainted 
with the practical details of the matter, if unacquainted 
with Chemistry, is equally at a loss to account for the 
changes proceeding in the materials under his hands ; he 
cannot tell what the wheat removes from the soil, and why 
it should not grow with equal vigour in the same field a 
second year, or why a crop of another kind will. Again, 
he cannot explain the action of the manure he uses, what 
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it is in the manure that imparts fertility to a soil; and 
why one kind of manure more particularly benefits one 
kind of crop. Further, it is well known that particular 
soils, irrespective of their general fertility, are best fitted 
for the growth of certain kinds of crops; for instance, 
clover, pease, and plants belonging to the tribe called 
leguminous plants, flourish most luxuriantly on lime soils, 
and languish, or even refuse to grow, in soils deficient in 
lime. Again, clay soils are known to be most favourable to 
the growth of wheat. 

On these and numerous other points connected with 
the economy of agriculture, Chemistry is able to enlighten 
us, and in most cases to afford us a clear explanation 
of the changes attending the various operations going 
forward on the farm, as well as of the principles that 
regulate those changes. It will tell us, for instance, the 
composition of the wheat-plant, and-point out the consti- 
tuents of its seeds on which their nutritive value depends. 
It will also show us the sources of those constituents, and 
enable us to perceive how the presence of certain bodies 
in the soil affects the growth of the crop. 

At the same time we must not fall into the error of 
expecting too much from Chemistry ; it must be borne in 
mind that Agricultural Chemistry is yet but a compara- 
tively new science, and many of its regions are at present 
unexplored. Moreover, there are matters connected with 
the simplest operations of nature far beyond the power of 
science to explain : such matters will probably ever remain 
as at present, profound mysteries to us. 

While Chemistry makes us acquainted with the cha- 
racter of the materials of which all earthly objects are 
made, and teaches us the laws that regulate the move- 
ments of these materials, she does not for a moment 
attempt to explain or account for these laws; but by 
pointing them out to us and exhibiting their effects, she 
greatly aids us in comprehending the part they perform 
in nature. 

With a knowledge of Chemistry we are better able to 
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appreciate the grandeur of those natural laws which, 
having been established at the creation by an all-wise Pro- 
vidence, control the movements of all the materials of 
the earth and insure their co-operation in the series of 
changes necessary for the preservation of the system of 
Nature. 

To describe in a familiar manner the more important 
chemical principles involved in the operations of agricul- 
ture is the object of this little book. In doing this we 
have thought it advisable to begin by explaining the more 
striking points of what may be called the Chemistry of , 
Nature, or that division of the subject which treats of 
the properties and uses of those materials of the earth 
which take part in the growth of plants and the nourish- 
ment of animals, whether growing in a wild or natural 
state, or reared and cultivated by man in the practice of 
agriculture. 

We therefore first call atténtion to the atmosphere ; 
then to the earth or soil ; next to water, pointing out the 
respective constituents of each of those natural groups of 
substances, and briefly describe their more prominent 
characters, dwelling more particularly on those most 
concerned in the practical operations of the farm. We 
next trace the formation in the organization of the plant 
from materials derived from the earth, air, and water, of 
those vegetable compounds which afterwards become the 
food of man and animals. Before proceeding to explain 
the further changes these compounds undergo in the 
bodies of animals when consumed as food, we give 
an exposition of the changes accompanying the various 
operations employed in agriculture for the improvement 
or alteration of the texture and quality of the land, 
whether by mechanical or chemical means. In this divi- 
sion, referring more strictly to the Chemistry of Agri- 
culture, we propose to introduce the important subject of 
manures, to describe the characteristic properties of 
‘natural or home-made farmyard manure, as well as the 
more numerous “ artificials.” Amongst the artificials we 
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specially notice bone-dust, guano, superphosphate of lime, 
and a few other artificial manures commonly employed by 
the farmer. We propose to point out their several uses, 
modes of application, and the qualities that affect their 
value ; also their comparative merits, and the adultera- 
tions to which they are subject. Farmyard manure, in 
consideration of its superior importance, is treated at 
greater length, and the chemical changes this manure 
undergoes by different modes of treatment, described 
somewhat in detail. Many of the facts mentioned in 
connection with farmyard manure are quite new, having 
been but recently discovered, and up to the present time 
have been published only in the papers referred to in the 
chapter devoted to this subject. 

We afterwards notice the more striking characters 
of all the ordinary cultivated crops, and the circum- 
stances that affect their growth. Finally, we trace the 
conversion of vegetable food into the more highly or- 


ganized animal products, such as butter, cheese, mutton, 
beef, &e. 


CHAPTER II. 


THE ATMOSPHERE, 


_— 


Physical Properties of the Atmosphere. 


Tae atmosphere being invisible, most men naturally 
know much less of the general characters of the air 
than they do of the earth, water, and other more 
material parts of the globe. With the exception of the 
disturbed condition of the air that we call wind, it pos- 
sesses no positive quality that compels us to recognize its 
presence, as we do that of the earth and other natural 
objects, which make themselves known to us through the 
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sense of sight ; but since the air cannot be recognized 
by our sight, we are unable to judge of its qualities by 
any of the ordinary means of comparison. 

We are however made aware of the presence of the air 
when its effects are exhibited to us in some of the simple 
occurrences of everyday life; as for instance, when we 
make use of a pair of bellows to urge a fire, or move a fan 
backwards and forwards, and in a still more striking 
manner when we encounter a high wind: in each of 
these cases the resistance we meet with plainly convinces 
us of the substantial quality of the air. Again, on filling 
a bottle with water by dipping it under the surface, we 
notice that the water does not enter the bottle until the 
air has escaped in a series of bubbles ; or if we hold the 
bottle perpendicularly with its mouth downwards, and in 
this position immerse it under the surface of the water, 
the water will not enter, simply because the space in the 
bottle is already occupied with air; and in this case 
the air cannot escape to make room for the water, as it 
usually does. 

By these and numerous other simple operations we 
may satisfy ourselves that the air is indeed a substance, 
notwithstanding it is an invisible one. 

The air or atmosphere forms a layer of light matter 
immediately above, and resting upon the solid surface of 
the earth. In this light matter we, and every object we 
look upon, are immersed: it envelops us on every side, 
and fills every space that in common language is said to 
be empty. Before proceeding to state of what this matter 
consists, or the part it performs in the economy of nature, 
let us briefly relate its physical or mechanical pro- 
perties. 

The air isa transparent, invisible substance, destitute. 
of taste and smell, and permanently elastic, and movable 
in every direction. Viewed in masses, it possesses a slight 
blue colour: the beautiful blue tint that often pervades 
the further objects in a landscape, is due to this colour of 
the air. 
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Since the air is a substance, it follows it must also 
possess weight. This is found to be the case. By 
suitable instruments the air can, be weighed, and its 
weight determined. A cubic foot of air weighs 527 grains, 
or about an ounce and a quarter, or is 715 times lighter 
than water. Now as the air extends upwards to a great 
height, and every part of it possesses weight, it is evident 
that it must press upon the earth with considerable force. 
This force or weight can also be determined, and the entire 
weight of the atmosphere ascertained. The air presses 
upon the whole surface of the earth with as much force as 
would be exerted by a covering of water thirty-two feet 
deep, or a layer of quicksilver about thirty inches deep. 
Hence, a column of air of the entire height of the atmo- 
sphere, that is, from the surface of the earth to as far 
upwards as it extends, weighs the same as a column of 
water of the same size but only thirty-two feet high, or 
a column of quicksilver only thirty inches high. The 
actual weight of the atmosphere, or the force with which 
it presses upon the earth’s surface, is about 15 lb. on every 
square inch. The reason we do not feel this weight is 
because of the property of the air, called its “mobility,” 
or the power of its particles to move in any direction. 
By this provision the downward pressure, or weight of 
the air, is diverted and distributed over every side and on 
every part of the objects exposed to it ; for instance, the 
weight pressing down upon our bodies is sustained by a 
corresponding weight pressing upwards, and the weight 
pressing upon one side of us is counterbalanced by the 
air pressing with an equal force on the opposite side. 
For this reason we remain perfectly unconscious of this 
prodigious weight of the atmosphere; it is, however, 
instantly displayed, if by any means the air is removed 
from one side of an object, when the full weight of the 
air is exerted on the opposite side. 

Several interesting experiments can be. shown for 
proving the weight of the air ; but since an entire division 
of natural science, called Pneumatics, is devoted to this 
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subject, we need not enter any further into the physical 


properties of the air.* ° 
In conclusion we may remark that several useful in- 
struments in daily use depend for their action upon the 
weight of the air ; for instance, the lift-pump and the 
barometer, or weather-glass, are instruments of this sort. 
The latter particularly deserves notice, since, in addition 
“to its being a most valuable instrument to the farmer, 
mariner, and others, whose prosperity is often influenced 


* We must, however, describe one simple experiment, that in 
a most striking manner exhibits the weight of the air. A hollow 
brass globe of about six inches in diameter, is made in two pieces 
that fit accurately together: each piece is provided with a handle 
attached to its centre. These two hemispheres can be taken apart at 
pleasure, and are not fastened together in any way ; if, however, 
the two halves are put together, and the air removed from the 
interior of the globe, by means of a stopcock, not shown in the 
figure, the weight of the atmosphere is exerted upon the outside, 
and the two halves are firmly pressed together with such force 
that two men are unable to pull them apart. 


This experiment excited a great amount of admiration when first 
exhibited by its inventor, Otto von Guericke, at Rendsburg, in 
Germany, in the year 1680. 
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by the weather, it affords us the best proof of the weight 
of the air ; it also shows the slight variations to which 
this weight is subject ; and as these variations are indi- 
cative of certain atmospherical phenomena, as wind, rain, 
&c., its action as a foreteller of the weather is explained. 


The Materials of which the Atmosphere is composed. 


Having shown by the above statements that the air is. 
a substance, we now proceed to consider what kind of 
substance it is, what materials it is composed of, and 
the connection between these materials and animal and 
vegetable life. We propose to do this in as simple a 
manner as possible, and to leave out all scientific terms 
and expressions, except those which, having no familiar 
substitutes, we are obliged to make use of. 

All the materials found in the air belong to a class of 
substances called gases. The air, then, isa mixture of 
gases. Let us begin by explaining what a gasis. All 
the materials belonging to our globe are either solids, 
liquids, or gases. This latter class of bodies is sometimes 
subdivided into gases and vapours, but in reality there is 
- no essential difference between a gas and a vapour; so that 
we may consider all materials of which the various natural 
objects are made, to belong to one or other of these three 
classes. Every one naturally becomes acquainted with 
a great number of the solids and several of the liquids 
belonging to the earth, but comparatively few of us are 
acquainted with the different gases of the earth. This is 
because solids and liquids make themselves known to us 
through the sense of sight. The differences between 
them are easily perceived, and we instinctively recognize 
their individual characters. But the case is different with 
gases. Although the number of gases is large, few of us 
are acquainted with any of them. It is because their in- 
dividual characters are not so strikingly displayed as those 
of the more material solids and liquids, and, consequently, 
we cannot by our unaided senses distinguish between them. 
All gases resemble more or less the air we breathe. They 
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are all transparent, and all very much lighter than either 
solids or liquids. Yet the differences amongst themselves 
are very great in their appearance and qualities ; and espe- 
cially in their*chemical characters they differ most widely. 
For instance, while the majority of gases are colourless and 
invisible, some of them possess beautiful colours. There is 
a green gas, a red gas, and a violet-coloured gas. Many of 
them are inodorous, others possess pungent smells ; others 
again abominable and poisonous odours. While some of 
the gases are much heavier than the air, a few are consider- 
ably lighter. Thus we perceive there is almost as great a 
variety even in the physical properties of gases as there 
is in those of the more substantial solids and liquids. 

Further, there are two great classes of gases :—. 

1. Simple or elementary gases ; 7. e. airiform substances 
that consist of one kind of matter only. 

2. Compound gases, or airiform bodies consisting of 
several materials, into which they may be separated by 
suitable means. 

The number of gases known to chemists is very great ; 
but, fortunately for those persons who take an interest 
in the materials of the earth only in so far as their con- 
nection with animal and vegetable life is concerned, only 
few gases have to be noticed. Usually not more than 
five or six gases are found in a free or uncombined state. 
And here we may remark, that most gases are not a class 
of bodies permanently different from the solids and liquids 
of the earth. A gas must be regarded asa peculiar shape, 
—a greatly expanded, enlarged condition, that certain 
bodies have the power of assuming under peculiar cir- 
cumstances. 

It need scarcely be repeated that all the gases usually 
found in the air are devoid of taste, colour, and smell, and 
are transparent and invisible. The atmosphere consists 
chiefly of two gases, called respectively oxygen and 
nitrogen. These two gases form the bulk of the air ; all 
the other constituents occupying but a small space of the 
air. Of these two gases nitrogen is the more abundant, 
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forming four parts out of every five : the remaining fifth is 
oxygen. The other constituents are carbonic acid gas, 
water in the form of gas or vapour, with much smaller and 
varying quantities of nitric acid and ammonia. 

The composition of the atmosphere may thus be 
stated— 


COMPOSITION OF THE ATMOSPHERE. 


(One Hundred Parts.) 
By Weight. By Measure. 
Oxygen St oe a 23°3 . Ae 21 
Nitrogen .. Be ae 76°7 a Se 79 
100°0 100 
Carbonic Acid in 10,000 parts Water in 100 parts of Air 
of Air. at— 
Largest. quantity .. 5°74 Parts of Water. 
Smallest quantity .. 3°15 30 deg. of thermometer “41 
50 ” ” “80 
80 A 2°01 
90 29 3 2°70 
100 r or 3°60 


We now proceed to describe each of these consti- 
tuents, its qualities, and the part it performs in nature. 
Properties of Oxygen. 
Oxygen is the most abundant material of the earth. 
It not only forms, as we have seen, one-fifth part of the 
entire atmosphere, but it forms a still larger proportion 
of the bulk of water, rocks, earths, and minerals. In 
water, eight parts of every nine are oxygen,—the 
vast quantity of water on the globe, in the shape of 
seas, rivers, lakes, and the great oceans themselves, 
all contaming oxygen in this proportion. Again, in 
rocks, minerals, and soils, oxygen forms a large propor- 
tion, averaging about one-half of their weight; thus 
one-half of all the rocks and solid materials of the globe 
consists of oxygen. It is no less abundant in the animated 
world. In animals, oxygen forms three-fourths of their 
weight ; in vegetables, four parts out of every five con- 
sist of oxygen. Thus we see oxygen is the chief material 
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of which the entire globe is made. We also learn by 
the above statements, that oxygen exists in three different 
mechanical forms :* as a liquid in water; as a solid 
in rocks, stones, and soils; and in a state of gas in the 
air. In this latter condition it is free or uncombined ; 
and in this form we shall now describe it. 

Oxygen gas is the active principle of the air. Most of 
the properties we usually ascribe to the air are, in reality, 
due to the oxygen it contains. For instance, we say that 
a fire or a candle will not burn without air ; but it is 
the oxygen only of the air that the fire or candle requires. 
Again, animals are said to require air in the vital process 
of | breathing ; ; but itis the oxygen only that takes any 
part in the operation. On exposure to the air, metals—as 
iron, zinc, &c.—are known to get corroded or rusted. Here, 
again, it is the oxygen that corrodes or rusts them. And 
so, in most natural operations, it is the oxygen that induces 
the changes observed to follow exposure to the air. 

Oxygen in a pure state closely resembles the air in 
its external properties : it is equally colourless and free of 
smell; it is characterized by possessing all the chemical 
properties of the air in a much higher degree. In other 
words, everything that the air does, oxygen does far more 
quickly and violently. In air, iron rusts slowly and 
imperceptibly ; in oxygen, it rusts with such violence 
that in a few seconds a piece of iron is entirely converted 
into rust. Brimstone, that burns in the air with a pale 
blue flame, scarcely visible by daylight, in oxygen burns 
with a brilliant light. A candle recently blown out, is 
re-lighted, if placed i in oxygen gas. In fact, every material 
that burns in the air burns with increased brilliiancy 
and violence in oxygen. Oxygen acts in a similar 
manner on animal life, the process of breathing being 
hastened to such an excessive degree as to produce 
death. 

The effects of combustion, respiration, rusting of iron, 
&c., either in pure oxygen or in the air, are produced 
by the oxygen combining with the materials concerned 


16 AGRICULTURAL CHEMISTRY. 


in the operation. Wherever a fire is seen, the oxygen 
is combining with the fuel; when iron is conyerted 
into rust, the oxygen combines with the metal. Thus the 
distinguishing property of free or uncombined oxygen 
is its affinity, as chemists say, or its inclination, if the 
term may be used, to combine with all bodies in a con- 
dition to receive it. The phenomena of combustion, 
respiration, decay, putrefaction, d&c., are all consequences 
of this property of oxygen; and in all these operations 
compounds of oxygen are formed. These compounds 
are called by chemists oxides. These oxides are very 
abundant in nature: thus all the materials belonging to 
the soil, as sand, lime. &c., are mixtures of oxides, or con- 
sist of oxygen gas combined with various other subtances, 


Properties of Nitrogen. 


The too exciting oxygen is diluted and its activity 
properly restrained by the more abundant but indifferent 
substance nitrogen. As we have seen, four parts out of 
every five parts of air consist of nitrogen : hence, there is 
an enormous quantity of nitrogen on the globe ; but, 
unlike oxygen, its presence is almost confined to the 
atmosphere and the animal and vegetable kingdoms, 
and seems to form but a small part of the mineral 
portion of the earth. 

Nitrogen in a pure state cannot be distinguished by 
our unaided senses from common air, or even oxygen ; it 
is equally devoid of all striking qualities when in a 
separate or unmixed condition. It differs from oxygen in 
its effects upon burning bodies: oxygen, as we have 
seen, accelerates the combustion of burning bodies, as a 
candle or taper ; nitrogen instantly extinguishes them. 
Hence we may readily distinguish it from oxygen, and 
by the same test also from the air. An animal is killed 
by immersion in nitrogen, not from any poisonous quali- 
ties of the gas, but simply because it deprives the animal 
of the indispensable oxygen: the taper is extinguished 
from the same cause. 
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Nitrogen, as found in the air, is remarkable for its in- 
active, indifferent qualities, its only purpose in this 
state seeming to be’ to curb the impetuosity of its too 
excitable companion—oxygen. Were we unacquainted 
with nitrogen in any other form, we might pronounce it 
to be almost destitute of chemical properties ; but such 
would be a very unfair estimation of the characters of 
nitrogen, since it forms, when in combination with other 
bodies, compounds remarkable for the essential functions 
they perform in the growth of plants and the nourish- 
ment of animals. The fact is, nitrogen seldom combines 
directly with other substances, as oxygen does, but always 
does so in a roundabout manner. Hence compounds of 
nitrogen are not formed, when substances are exposed to 
it in the air, as they are of oxygen under the same cir- 
cumstances. 

Nitrogen in a solid form is present in all cultivated 
plants, as grasses, roots, wheat, &c., and particularly in 
those parts of the plants distinguished for their nou- 
rishing qualities when used for the food of men or 
animals. The grain of oats, barley, and wheat all contain 
nitrogen. 

Also in the bodies of animals nitrogen occurs in great 
abundance. Animal matters of nearly all descriptions 
contain a large proportion of nitrogen ;—in flesh, hair, 
feathers, bone, &c., there is a great deal of this substance. 
Hence the flesh of our domestic animals in the form of 
animal food supplies us with large quantities of this 
solid or combined nitrogen; indeed, most kinds of 
food, and particularly those sorts of food noted for their 
strengthening properties, contain nitrogen in large pro- 
portions ; and so inseparable is the presence of nitrogen 
from the nourishing qualities of food of all descriptions, 
that the value of feeding materials depends in a great 
measure on the quantity of nitrogen they contain. 

It must be borne in mind that the oxygen and nitro- 
gen of the air are merely mixed together, and not 

| chemically combined. 
c 
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It is important to understand in a clear manner the 
distinction between a mechanical mixture and a chemical 
combination. In a mechanical mixture, each constituent 
remains unaltered in its essential characters, and may 
generally be recognized in the mixture by the naked eye 
or by a microscope, and in most cases may be removed 
from the mixture by. mechanical means; and further, 
when separated, will be found in the same condition as it 
was before being added to the mixture. The appearance 
and external properties of a mixture are regulated by 
those of its constituents. On the contrary, in a chemical 
combination, or as it is called, a compound, one substance 
at least is essentially altered, and by no amount of ex- 
amination by the naked eye or a miscroscope, can the 
constituent particles be detected. Hence the smallest 
particle is of the same quality as the bulk of the substance, 
the whole being perfectly uniform and homogeneous. 
Moreover, the qualities of compounds are not regulated 
by those of their constituents. Liquids may produce 
solids ; gases may produce liquids ; poisons may be formed 
from innoxious substances : so no opinion can be formed 
of the characters of a compound by judging of the qualities 
of its constituents. Two or three examples will render 
this more intelligible—When chalk is powdered and 
mixed with water, a creamy liquid results, possessing 
qualities intermediate between those of chalk and water. 
On standing, the chalk settles to the bottom, and the clear 
water is the same as before the experiment. If instead 
of chalk we use plaster of Paris, the creamy liquid in this 
case will quickly harden and finally become a solid mass ; 
the water will disappear, and no longer be perceptible by 
the properties it exhibits in a liquid form. In this latter 
case, the materials employed have combined together chemi- 
cally. Again, gunpowder is a mechanical mixture, although 
a most intimate one: it consists of charcoal, brimstone, 
and saltpetre. By washing in water, the nitre is dissolved, 
and now can easily be removed and separated from the 
two other ingredients by filtering and straining. The 
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nitre may be obtained in a solid form by evaporating or 
boiling away the clear liquid over a lamp or fire until it 
dries up. The other two constituents—sulphur and 
charcoal—may also be separated by suitable means, which 
need not be described here. Each constituent thus 
separated from gunpowder will be found in precisely 
the same condition, as regards its chemical characters, 
as before being manufactured. But as we all know, if 
fire is applied to gunpowder, it is instantly con- 
sumed, leaving nothing but a small residue; in other 
words, its constituents have combined chemically—and 
how different are the resulting compounds. Except a 
trace of solid matter, nothing but smoke is seen; yet 
these products, with some invisible gases, contain all the 
sulphur, charcoal, and nitre that existed in the gun- 
powder. These materials have assumed new forms, in 
which none of their original properties can be recognized. 

Another extraordinary property of chemical com- 
pounds may be briefly noticed ; viz., they always contain 
definite proportions of their constituents ; from what- 
ever source derived, they are invariably of the same 
composition, and possess the same chemical characters. 
For instance, the compound known as chalk, or carbonate 
of lime, is found to be the same material, whether 
obtained from chalk rocks or prepared by passing 
carbonic acid into limewater. In both cases the chalk is 
chemically identical, and consists of 22 parts of carbonic 
acid gas and 28 parts of lime. 

It has been wisely ordered that the oxygen and nitrogen 
of the air shall only be mechanically mixed, and not 
chetnically combined. Had it been ordered otherwise, or 
were they suddenly to combine, the entire face of nature 
would be altered; the bland, health-giving air would be 
changed into the corrosive nitric acid, or aqua fortis. 
The only essential difference between the air we 
breathe and aqua fortis is, that in the air the above gases 
are mixed and in the latter case combined. Marvellous 
as it may seem to persons i with Chemistry, it 

C4 
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ts nevertheless true that air and the corrosive nitric acid 
are formed of the same materials. 

We mention nitric acid, or aqua fortis, not only as a 
substance that might be formed from the constituents of 
the atmosphere, but as one that is formed, and in minute 
quantities is actually found in the air; while nitric acid 
in aconcentrated form is a corrosive, destructive liquid, 
in a very diluted or in a modified form it is a valuable 
material for promoting the growth of plants. We often 
apply nitric acid to our crops when we use nitrate of 
soda (the well-known artificial manure) as a top-dressing. 
In this manure the nitric acid exists in a subdued, dis- 
guised form,none of its corrosive properties being displayed. 
In an analogous form, nitric acid is present in minute 
quantities in the rain that falls during thunderstorms. 

Tt has been found that when currents of electricity are 
passed for a length of time through a portion of air, small 
quantities of nitric acid are formed, produced by the con- 
stituents of the air combining chemically together. This 
operation takes place on a large scale in nature, the powerful 
currents of electricity generated in the atmosphere, giving 
rise to the awful phenomena of lightning and thunder, 
induce the materials of the air to combine together, and 
nitric acid is formed. This substance again combines with 
another body called ammonia, also present in the air, and 
both together form a salt, which is called nitrate of 
ammonia. In this state it is conveyed to the earth and 
to the growing plants by the rain. Thus we see that the 
fresh, vigorous appearance of our crops, often noticed 
after thunderstorms, is due to a small dose of valuable 
manure they have received, in addition to the ordinary 
refreshing effect of the rain. 


Properties of Carbonic Acid Gas. 


The next constituent of the atmosphere that demands 
our attention is carbonic acid gas. Excepting nitric 
acid. we have described only the materials of the air pro- 
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vided for the accommodation of animals; let us now 
consider carbonic agid, the material especially. provided 
tor administering to the wants of plants. 

Carbonic acid ; gas forms a comparatively small pr enor 
tion of the atmosphere—about one part in every 3955 
parts of air. Small as this quantity seems in relation 
to the vast bulk of the atmosphere, the absolute quan- 
tity of carbonic acid gas is really immense, and suffi- 
cient for supplying the entire vegetable world with the 
chief material for its growth. Carbonic acid contributes 
to the health of plants in a manner analogous to that 
exerted by oxygen towards animals; in fact, carbonic 
acid is the source from which plants derive the greater 
part of their substance—they feed upon it and appropriate 
it as animals do food. 

In a free state, carbonic acid gas possesses the following 
properties. It is an invisible gas, having a slight odour, 
and is considerably heavier than the air; it is a decided 
poison toanimals: like nitrogen, it instantly extinguishes 
all burning bodies. Carbonic acid not only forms a part of 
the atmosphere, but in a solid state exists in rocks, minerals, 
and soils to a great extent. In chalk, marble, and other 
calcareous rocks, it forms nearly one-half of their weight ; 
in most rocks of this description, about 221b. of every 50 1b. 
consist of carbonic acid gas. 

Both the gases we have hitherto described are simple 
or elementary gases. Carbonic acid differs from them in 
being a compound gas—one that can be separated into 
two other materials. Carbonic acid consists of oxygen 
chemically combined with the solid substance carbon, 
or charcoal. In every 22 Ib. of this gas there are 6 lb. of 
charcoal and 16 lb. of oxygen. 

Carbonic acid gas is thus always found when oxygen 
combines with carbon or charcoal; and as this charcoal is 
the prevailing constituent of all ‘materials used for fuel, 
it is clear that wherever fires are burning in grates or 
furnaces, enormous quantities of carbonic acid escape 
into the air. Carbon also forms a large proportion of 
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the food of animals; and by their breathing this carbon 
is partly converted into carbonic acid gas. Before pro- 
ceeding any further, it will be well to make ourselves 
acquainted with the properties of carbon. 


Properties of Carbon. 


Carbonic acid gas, as we have seen, consists of 
oxygen gas chemically combined. with the solid substance 
carbon, or charcoal. In forming this combination, the 
carbon and oxygen put aside the characters they pos- 
sess in a separate state, and together become a new 
substance, possessing new properties totally distinct from 
those of either of its constituents. One of the constituents 
of carbonic acid gas—oxygen—has already been described ; 
let us now direct our attention to carbon. In every 22 lb. 
of carbonic acid gas there are 6 lb. of carbon, or charcoal— 
we say charcoal, because this substance is the nearest 
approach to pure carbon. Coke, soot, coal, &c., are all 
varieties of carbon, of different degrees of purity. We 
are all familiar’ with the black, porous, brittle, solid 
charcoal, the form which carbon usually assumes when in 
a separate or uncombined state ; it is, however, known 
in another and more attractive form ; viz.,as the precious 
diamond. [ft is a fact tolerably well known, yet none the 
less marvellous, that the diamond is chenaically identical 
with charcoal. Both consist of carbon ; the only difference 
being, that the diamond is perfectly pure carbon in a 
crystallized state, while charcoal is carbon said to be 
“amorphous,” or devoid of peculiar shape. Thus we see 
how much the arrangement of the particles of a substance 
determines its external properties and appearance. Car- 
bon, with its particles loosely arranged, with spaces or 
pores between them, represents black, brittle, common 
charcoal ; the same material in a compact, dense form | 
constitutes the transparent, hard, glittering gem, diamond. 
Numerous examples of this kind might be noticed. Gold 
and silver, for instance, when finely divided, ave greyish- 
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brown powders, altogether devoid of the metallic lustre 
peculiar to these metals. 

Carbon is a most abundant material of the globe, 
especially in the animal and vegetable kingdoms. In the 
bodies of animals, carbon forms a large proportion of their 
weight, and in vegetables a still larger proportion : about 
half the weight of dry wheat, hay, roots, &c., consists of 
carbon. Carbon occurs to a less extent in the mineral 
portion of the earth. In coal, graphite (the mineral of 
which the so-called blacklead pencils are made), lime- 
stones, chalk, marble, &c., a large proportion of carbon is 
present. 

When wood or vegetable products are burned, their 
carbon, and other combustible substances they contain, 
are consumed ; that is, the carbon combines with the 
oxygen of the air, and passes off as carbonic acid gas. If, 
however, the combustion is arrested before all the in- 
flammable matter is burned away, the greater part of 
the carbon is obtained in the form of charcoal. 

Charcoal, or carbon, in the black, brittle condition 
usually met with, is distinguished for its insoluble and 
imperishable qualities. A piece of charcoal buried in 
the earth will remain there any length of time without 
showing symptoms of decay. Advantage is often taken 
of this property of charcoal to preserve from decay timber 
that is buried in the earth,—as gate-posts, posts of 
fences, &c. By charring the surface of wood, a layer of 
carbon is formed, which in a great measure preserves the 
inclosed wood from further destruction. Another re- 
markable property of charcoal is its extreme porosity. 
On examining a piece of charcoal by a magnifying-glass, 
it will be found to be full of minute pores or tubes : these 
fine tubes absorb gases, in the same manner as a sponge 


does fluids. In this way charcoal is capable of absorbing 


and fixing large quantities of certain gases. Its power 


‘ of absorbing ammonia gas is particularly large. In a 


dry condition, charcoal absorbs 700 times its own volume 
of this gas. To a less extent, but still in considerable 


‘ 
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quantities, charcoal absorbs poisonous and disagreeably- 
smelling gases. Hence charcoal is a valuable disinfectant ; 
it absorbs and retains infectious and other noxious vapours 
floating in the air, and may be used with much benefit 
as a means of purifying hospitals and other places 
where poisonous or contagious matters are likely to be 
present. 

Charcoal is also capable of absorbing and removing the 
small quantities of putrefying animal or vegetable matters 
that sometimes render water unfit for domestic purposes ; 
indeed, so active is charcoal in removing offensive and 
unwholesome smells and effluvia of every description, 
that a layer of it placed on the putrefying carcasses of 
animals or other offensive things, effectually prevents the 
escape of any unpleasant odour or poisonous emanations. 

The above statements will aid us in understanding a 
process continually going on in our cultivated soils, and 
affecting in some measure their fertility. 

All soils, particularly garden moulds, contain hums. 
This substance is formed from the vegetable matter left in 
the soil from previous crops: it resembles charcoal in 
many of its properties (amongst others is its colour, the 
dark colour of cultivated soils being due to the humus 
they contain), and may be regarded as charcoal resulting 
from the process of decay. Hence it is called sometimes 
humus-coal. The two substances differ in this respect ; 
that while ordinary charcoal is almost imperishable in the 
soil, humus, on the contrary, undergoes a gradual de- 
struction in the soil, the oxygen of the air uniting with 
it, and furnishing a supply of carbonic acid for the use of 
plants. The two materials are, however, so far alike, 
that humus also possesses, though in a less degree than 
charcoal, the property of absorbing gases, especially 
ammonia gas. In virtue of this property, the humus of 
the soil absorbs and retains ammonia from the atmo- 
sphere, in which it exists in minute quantities. The 
ammonia thus collected is supplied, through the medium 
of water, to the roots of plants, in whose organism it 
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performs the important functions that will be described 
in the following chapter. 

The heat given off during the burning of wood, coal, and 

all kinds of vegetable materials, is the result of the intense 
chemical action between the combustible elements of the 
fnel (the chief of which is carbon) and the oxygen of the 
air. Without entering into an explanation of the nature 
and causes of heat, it may be taken for granted that 
whenever substances combine together chemically, heat 
is produced. In the process of burning or combustion, 
the combination between the combustible materials and 
the oxygen of the air takes place with great rapidity, and 
a corresponding amount of heat is liberated : this gives 
rise to the phenomena of fire. Fire is nothing more than a 
rapid liberation of heat. When the combination takes 
place slowly, as in the process of decay, the same amount 
of heat is produced ; but as in this case the liberation 
extends over a length of time, no perceptible warmth is 
produced. In the process of respiration, or the breathing 
of animals, this combination between combustible materials 
and the oxygen of the air takes places in the lungs at a 
speed intermediate between that of combustion and decay. 
{n this vital process, the oxidation is so regulated that 
-an amount of heat is produced sufficient to sustain the 
necessary warmth of the body. Thus the process of 
respiration is closely allied to the operations of com- 
bustion and decay. In each case heat is produced by 
the oxidation of combustible materials. Further, the 
materials concerned in either process are the same, as 
are also the ultimate products of this oxidation. 

These combustible materials are conveyed to the bodies 

of animals in the food they eat. A large proportion of 
most feeding materials consists of substances of this kind, 
which may be regarded as fuel for sustaining the animal 
warmth. Oil and fat, sugar and the starch of flour, are 
examples of this sort of food. As we shall learn in a 
subsequent chapter, these facts are intimately associated 
with the theory of feeding and fattening cattle. 
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The greater part of the carbon consumed in the food of 
man and animals is thrown off as carbonic acid gas in the 
breath exhaled. It is for this reason that animals require 
fresh air, and die if deprived of it, or when confined in a 
space where the vitiated air cannot escape. If we remain 
in a small room, where the carbonic acid gas of our breath 
cannot escape, it is clear we must in a short time breathe 
it over again ; and since this gas is, as before mentioned, 
a poison, its inhalation must be attended with incon- 
venience and disturbance of health. The small proportion 
of carbonic acid present in the air is not felt, because 
we are accustomed to receive it; but any quantity 
larger than this normal quantity always produces effects 
more or less serious. Even the comparatively small quan- 
tity of carbonic acid, which exists in the atmosphere of 
crowded rooms, theatres, &c., produces headaches, sleepi- 
ness, and other disagreeable symptoms ; but if the quan- 
tity is still larger, it produces serious derangement, and 
even death, as in suffocation by charcoal fumes—an 
accident of not unfrequent occurrence, and one that is 
generally caused by persons ignorant of the simplest 
chemical laws. 

Hence we learn how necessary it is that the rooms we 
inhabit should be properly ventilated, or at least provided 
with some means of ingress and egress for the air. 

That carbonic acid gas is really formed in the process 
of breathing, and is present in the breath we exhale, can 
be shown by the following simple and interesting experi- 
ment :—Whenever carbonic acid meets with lime, it 
forms a white substance called carbonate of lime, or, in 
familiar language, chalk. This fact furnishes us with a 
test for lime, or the means of recognizing its presence. To 
apply this test for carbonic acid, we use lime dissolved in 
water—limewater, as it is called. It is made by adding 
to some water, in a jug or bottle, caustic or freshly- 
burned lime. The muddy liquid is left at rest until the 
lime has settled to the bottom, and the liquid becomes 


THE ATMOSPHERE, 27 


perfectly clear. The clear liquid contains lime in solu- 
tion, and is called limewater. By blowing through a 
small glass tube, or the stem of a tobacco-pipe, into a 
little of this limewater contained in a wine-glass, the 
clear liquid becomes milky, owing to the formation of fine 
particles of chalk produced by the carbonic acid gas of the 
breath combining with the lime of the limewater. 

The identity of the carbonic acid of our breath and the 
carbonic acid emanating from a burning candle or fire, 
can be demonstrated by the following experiment :—A 
piece of candle, or better, a wax taper, is attached to a 
wire, and the wire suspended from the cork of a wide- 
mouthed bottle (a pickle-bottle will do extremely well 
for the purpose). If we now light the candle or taper, 
place it in the bottle, and put in the cork, the taper will 
burn a few minutes, and afterwards go out: it will have 
consumed all the oxygen of the air contained in the 
bottle, or, in other words, will have converted all the 
oxygen into carbonic acid gas. On pouring into the 
bottle a little limewater and shaking it, a white milky 
substance will be observed, as in the first experiment. 
Further, by the same test, we may prove that marble, 
chalk, or limestone of any sort, contains carbonic acid gas 
- in a fixed or solid form. 

Some fragments of chalk or limestone are placed in a 
small bottle with’ a little water and some strong vinegar ; 
or better, a little oil of vitriol, or spirits of salts, of the 
shops, is added. A boiling up, or effervescence, will ensue, 
caused by the escape of carbonic acid gas. This gas may 
be examined in the following manner :—A distinguishing 
property of carbonic acid is its great weight, compared 
with the air ; consequently, it will flow from one vessel to 
the other like a fluid. By placing the bottle containing 
the acid and chalk in an inclined position, with its mouth 
near to that of another empty bottle (the bottle used in 
the preceding experiment will do very well, if washed 
out two or three times), the carbonic acid gas in the first. 


28 


AGRICULTURAL CHEMISTRY. 


THE ATMOSPHERE. 28 


bottle will flow into the second, and may now be tested 
by adding limewater : as before, a white milky substance 
will be formed. 

Tt will be noticed that the quantity of carbonic acid 
in the atmosphere is constantly augmented by the combus- 
tion of fuel, the breathing of animals, and the process of 
decay, putrefaction, &c. When we recollect the thousands 
of tons of coals consumed in this country alone, the multi- 
tude of animals on the globe, the millions of human beings, 
all pouring carbonic acid into the air, we are amazed at the 
prodigious quantities of this gas that must be added to the 
air. How is it that this gas does not accumulate to an 
injurious extent? What becomes of all this poisonous 
gas? These are questions that naturally occur to us, 
on becoming acquainted with the above facts. Before 
seeking replies to these questions, it is well to recollect 
that the oxygen of the air diminishes in proportion as 
the carbonic acid accumulates. To be more precise, 
every 22 pounds of carbonic acid remove 16 pounds 
of available oxygen from the atmosphere. Hence we must 
not only find out in what manner the pernicious carbonic 
acid is removed, but also by what means the indispensable 
oxygen is replaced. Both these operations are performed 
by plants. Plants breathe the carbonic acid gas rejected 
by animals, and appropriate a part of it ; plants inhale 
carbonic acid ; by a wonderful organization they decom- 
pose it, separate it into its original constituents—carbon 
or charcoal and oxygen gas. The former substance is 
retained as a material for adding to their growth, and , 
building up their stems, leaves, and fruit, while the oxygen 
is exhaled, and returns to the atmosphere. Thus plants 
return to the air the oxygen borrowed from it by 
animals. At the same time animals prepare food for 
plants by reconverting the rejected oxygen into carbonic 
acid gas, which to them is a wholesome and necessary 
food. Thus plants and animals not only promote each 
other’s welfare, but are actually dependent on each other 
for existence, 
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The Moisture or Water of the Atmosphere. 


Let us now consider the fourth constituent of the air ; 
viz., watery vapour, or water in the shape of invisible gas. 
On boiling, water passes into steam, which disappears in 
the air. This is because the air is capable of dissolving 
or taking up water in this gaseous or vaporous form. 
When water is exposed to the air in an open vessel, it 
gradually diminishes, and if left long enough, entirely dries 
up and disappears : in this case it also passes into the air. 
Every one must have noticed that the evaporation of 
water proceeds more rapidly in warm weather than in 
winter. The reason of this is: warm air dissolves or 
takes up a great deal more water than cold. Hence we 
find the proportion of water in the atmosphere constantly 
varying ; being greater in warm weather than in cold. 
Evaporation takes place from all natural waters exposed 
to the air. From the surface of the sea, lakes, rivers, 
&c., water constantly rises in invisible vapour or gas, and 
mixes with the air. That apparently dry air—as that of 
@ room in which we live—really contains a large quantity 
of water, may be proved by exposing to air substances 
that have a great attraction for water—“hygroscopic sub- 
stances” as they are termed. A substance of this sort is 
well known, and may be easily procured by the name of 
pearl-ash. Ifa small quantity of pearl-ash is exposed to 
the air, it gets moist, and finally runs to a liquid. This 
change in its condition is merely induced by the water 
attracted from the air. If we take the trouble to weigh 
the substance at the time of exposure, and again after a 
little time, an. increase of weight will be found: this 
additional weight is water absorbed from the air. 

We cannot sufficiently appreciate the benefit we derive 
from this water dissolved in the air. By it the air is 
softened and moistened, so that the delicate organizations 
of plants and animals, to which the air gains access, are 
not injured or irritated as they would be were the air 
dry an1 totally devoid of moisture. We must all have felt 
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the unpleasant, and even injurious, effects of air deficient 
in moisture, in the bleak, cutting east winds that in this 
country so commonly mar the beauty of our spring 
months. 

It is probably in the form of rain and dew that the 
water of the air most deserves our admiration. These 
beautiful phenomena, that contribute so much to our 
welfare and happiness, by the essential service they render 
in the growth of all our crops, are formed by the steam or 
vapour of water in the atmosphere returning to its original 
liquid condition. 


Anmonia. 


Another constituent of the atmosphere remains to be 
noticed, viz. ammonia, which, although it forms but a 
very small proportion of the air, yet contributes in no 
small degree to the beneficial effect of the air upon 
plants. 

In’ speaking of nitrogen, it was mentioned how re- 
luctantly and by what indirect means only, this gas com- 
bined with other gases and substances. As if to com- 
pensate for this inactive and indifferent disposition of 
nitrogen in a free state, its compounds, are remarkable 
for the essential service they render in promoting the 
growth of plants, and contributing to the nourishment 
of animals. Ammonia is one of these compounds of 
nitrogen ; it is one of the necessary, perhaps the most 
necessary material requisite for the growth of plants. It 
exists in minute quantities in the atmosphere, as before 
stated, and also forms an important part of most natural 
and artificial manures, 

Ammonia consists of nitrogen and hydrogen (another 
gas that will presently be described under the head of 
Water), chemically combined. It possesses properties so _ 
peculiar and so different from those of its constituents, 
that we are sometimes led to forget its origin, and regard 
it as an elementary substance. Ammonia is well known 
by the name of hartshorn, a name probably derived from 
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the ancient method of preparing it by burning horn or 
bones in a close vessel. In a free state, ammonia is a gas, 
invisible and colourless, but possessed of a powerful, 
irritating, pungent smell. Unmixed with air, this smell 
is so overpowering as to be injurious and destructive to 
life ; but when much diluted with air, is said by many 
persons to be agreeable and refreshing: in this diluted 
state ammonia is frequently used for smelling-boitles. 
Whenever animal matters, as horns, hair, feathers, bones, 
&c., are burned, the nitrogen they contain combines with 
the hydrogen also present, and ammonia is formed, which 
passes off with the smoke and other strong-smelling com- 
pounds simultaneously formed ; so that the ammonia 
cannot be recognized by its well-known smell, but may 
easily be detected by suitable tests. 

The same thing takes place more slowly when animal 
matters decay or putrefy. Another source of ammonia 
is coal. In all coal a little nitrogen is present: this in 
burning becomes ammonia. If the coal is burned in 
open fires, the ammonia is lost ; but when coal is heated 
in closed vessels, as in the process of gas-making, the 
ammonia is usually collected by suitable means. From 
this source nearly all the compounds of ammonia met 
with in commerce are obtained. 

Ammonia in a pure state, or as usually present in the 
air, combined with carbonic acid gas, is an extremely 
volatile substance ; it flies off as soon as produced, and by 
heating is driven out of any mixture containing it. The 
liquid known as spirits of hartshorn is ammonia dissolved 
in water. It possesses properties like potash, soda, or 
lime. Ammonia belongs to a class of substances called 
alkalies ; and since this is a term often employed in 
describing chemical changes, it may as well be explained 
this place. Soda, potash, lime, and ammonia resemble 
each other in possessing a peculiar caustic or alkaline 
taste—hence they are called alkalies ; they also produce 
when handled a slippery, soapy sensation on the fingers ; 
and, further, they all possess the power of removing or 
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concealing the characteristic properties of another class 
of bodies called acids, or sour substances; as vinegar, 
sulphuric acid, or oil of vitriol. Alkalies and acids are 
said to be antagonistic to each other, because, in com- 
bining together, they fight, so to speak, and deprive each 
other of their characteristic properties. 

When we try to improve sour beer by adding to it 
soda, we avail ourselves of these properties of acids and 
alkalies. We find the sour taste disappears ; at the same 
time the unpleasant taste of the soda is not perceived : 
the two substances have neutralized each other. The 
acid and the soda are still present, but all their character- 
istic properties are disguised. 

The intensely sour acid called oil of vitriol may be 
neutralized in this way by soda, lime, or any other alkali. 
Whenever acids and alkalies thus neutralize each other, a 
new substance is formed, with a taste neither acid nor 
alkaline, but saline: hertce the term salt. When soda is 
added to sour beer (it need scarcely be said beer becomes 
sour from the formation of vinegar), a salt is formed,. 
which remains dissolved in the liquid. Ammonia is dis- 
tinguished by being the only volatile alkali,_the only 
one that flies off by exposure or heating. This may be 
proved by a simple experiment, which is very instructive, 
inasmuch as it enables us to understand what is meant 
by the expression “ fixing ammonia,” so often used by 
agricultural writers. A little spirits of hartshorn, that is, 
a solution of ammonia in water, is boiled in a cup over a 
lamp. The ammonia will rapidly escape into the air, and 
after a short time the liquid left in the cup will have lost 
its pungent smell ; all the ammonia will be volatilized. 
If we add vinegar to another portion of hartshorn until 
the pungent smell is overcome, and now boil this liquid as 
before, no ammonia will escape ; it is retained by the acid, 
and has now become a salt: it has been fixed. We may 
obtain this salt in a solid form by evaporating the 

, liquid until it dries up. The white saline mass contains 
, all the ammonia combined with the vinegar. 
D 
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Ammonia in a free state is often liberated in stables or 
from recently-turned farmyard manure. In this condition 
it rapidly flies ofi, and is wasted, unless measures be taken 


to prevent it. This is best done by sprinkling the manure | 


with diluted oil of vitriol, or in stables by diluting it with 
water, and adding sawdust ; 3 exposing it in basins or other 
shallow vessels, The ammonia is thus converted into a 
salt, and is fixed. 

In this fixed condition, or in the form of salts, ammonia 
is generally met with ; for instance, the ammonia obtained 
from coal is usually converted into sulphate or muriate 
of ammonia. The ammonia contained in guano, soot, and 
other artificial manures, is chiefly present in the form 
of salt, in which state it cannot be recognized by its 
peculiar odour. It may, however, be detected by the 
following test:—Any salt of ammonia, as sulphate of 
ammonia from the gasworks, or the dry. salt left after 
adding vinegar to hartshorn, in the above-named experi- 
ment, is mixed with a little slaked lime, and moistened 
with water. Free ammonia is now rapidly evolved, and 
may readily be recognized by its powerful smell. The 
acid in the salt of ammonia leaves the ammonia and com- 
bines with the lime: the ammonia is thus set free, and 
it resumes its volatile condition. Guano may be tested in 
this way for ammonia. 

In this free and volatile condition ammonia exists in 
the air. How, then, it may be asked, is it conveyed to 
plants, for whose development it is indispensable? It is 
gathered from the air znd supplied to plants by the follow- 
ing means :— 

i Plants possess om» power of absorbing ammonia 
directly from the air by the leaves ; but the quantity most 
plants obtain in this manner is extremely small. 

2 The nitric acid, formed as before mentioned, during 
thunderstorms, and probably in smaller quantities at 
other times by the currents of electricity which con- 
stantly pass through the air, on meeting with the alkaline 
substance ammonia, combines with it and forms a salt, 
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called nitrate of ammonia: this salt is actually found in 
rain-water and snow, particularly in rain falling during 
thunderstorms. In this manner plants obtain a small 
quantity of ammonia. 

3. In speaking of charcoal, its property of absorbing 
gases was noticed. It acts towards gases in a manner 
analogous to that of a sponge towards fluids. Charcoal in 
a porous dry condition eagerly absorbs ammonia, and retains 
it until moistened with water, when the ammonia it has 
absorbed is transferred to the water. On drying, the 
charcoal is again ready to absorb more ammonia. A 
substance closely analogous to charcoal is found in soils. 
It is called hwmus, and may be regarded as the charcoal 
produced from vegetable matter by decay, instead of 
by burning. This humus acts towards ammonia in the 
same manner as charcoal. In a dry state, it absorbs 
ammonia from the air, and collects it until the rain washes 
it out and conveys it to the roots of plants. On again 
drying, the humus collects a fresh store of ammonia. 
Other substances also present in the soil act in a similar 
manner; as clay, alumina, oxide of iron &. These 
materials will be described in the next chapter. 

4, The soil always contains animal and vegetable sub- 
stances, which by decay yield small quantities of ammonia. 
This is directly absorbed by the roots of plants. 

The above are the means provided by Nature for sup» 
plying plants with ammonia, and are amply sufficient for 
the requirements of plants in a wild state, where the 
plants have plenty of soil to grow in. But with cultivated 
plants the case is different ; these are often grown on poor, 
thin soils, that contain very little humus, and very little 
clay ; the ammonia obtained from the air by these soils 
is insufficient for the proper development of the plants. 

This deficiency is supplied by adding to the soil 
manures. Ammonia is an essential constituent of farm- 
yard manure, guano, soot, and most other manures. By 

this means cultivated plants are supplied with the am- 
/monia indispensable to their luxuriant growth. 
D2 
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From the ammonia supplied from any of the above 
sources plants obtain the materials requisite for the fabri- 
cation of their seeds,and other choice parts of thestructure, 
that afterwards become the food of man and animals. 

Since the action of ammonia, in the shape of manure, 1s 
a matter of great importance in Agricultural Chemistry, 
we shall again refer to this subject in a future chapter. 

The atmosphere is admirably well adapted for the part 
it performs in the economy of nature. 

In order that the exciting oxygen may not act too 
violently on the organs of animals, or combine too fiercely 
with combustible bodies, it is diluted with a bland indif- 
ferent gas—nitrogen. In this dilute condition, oxygen is 
restrained from injurious activity, at the same time it is 
at liberty to perform those functions allotted to it, for the 
proper maintenance of animal and vegetable life. 

Again, carbonic acid is required. This, as we have 
seen, is a poison to animals, but a necessary food of plants. 
In order that plants may be supplied with this gas with- 
out its interfering with the health of animals, it is present. 
in but avery small proportion, too small to act injuriously 
upon animals, yet large enough to supply all the wants 
of plants, the organism of which is so cénstructed that 
they are enabled to collect the small quantity of carbonic 
acid from a large bulk of air: this they do by the 
numerous leaves, which expose a very large breathing 
surface to the air. 

The heavy carbonic acid gas and lighter oxygen and 
nitrogen gases are intermingled and maintained in a 
perfectly uniform state by a peculiar natural law, called 
the “law of diffusion of gases.” This law may be de- 
scribed as a tendency all gases exhibit, when opportunity 
offers, to intermingle or diffuse themselves. Thus, a gas 
that possesses any peculiar smell, on being liberated in 
the air, does not remain in one spot, but rapidly dif- 
fuses and pervades the surrounding air, in virtue of this 
tendency. Again, a bottle or vessel filled with any one 
sort of gas cannot be retained in a pure or unmixed state 
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if the vessel containing it is not perfectly closed; if there 
is the least opening communicating between the bottle 
and the external air, the air will begin to pass in, and the 
gas begin to pour out; so that, after some little time, the 
gas will entirely escape from the bottle; and this opera- 
tion takes place independently of the gas being heavier 
or lighter than the surrounding air. Were it not for 
this provision, the heavy carbonie acid gas would settle 
to the bottom of the atmosphere in the portion nearest 
the earth; but in consequence of this law, all the con- 
stituents of the atmosphere are equally distributed and 
preserved in a perfectly uniform condition. Portions of 
air have been collected from different parts of the earth’s 
surface, and from different heights; in all cases, the com- 
position is found to be the same, at least so far as the 
proportions of nitrogen and oxygen are concerned. In 
making this remark, we are aware that the air of certain 
localities is occasionally impregnated with certain vapours 
and miasma injurious to human life; but these local 
defects in the air, that are often produced by our own 
carelessness and neglect of sanitary matters, must not be 
considered as affecting in any way the general composition 
of the atmosphere. ‘The air as we generally find it, or as 
it is provided for us by God, has no other effect on our 
systems than that of increasing our health, strength, and 
happiness. 

Thus, in the atmosphere, we are able to perceive what 
we believe extends to all natural productions; viz., a 
perfect adaptation for the purposes they are provided to 
fulfil. 
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CHAPTER IIL 


THE SOIL 


Origin of Soils. 


Tue greater part of the surface of the land is covered 
by a layer of loose earthy matter, consisting of a mixture 
of stones of different sizes, sand, clay, and other mineral 
substances, with varying quantities of decaying vegetable 
and animal remains. This mixture is found to vary most 
widely in different localities, and constitutes what we 
call the soil. It is often but a thin layer, occurring in 
patches on the ragged surface of hard rocks, and capable 
of supporting nothing in the shape of vegetation but a 
scanty crop of mosses, lichens, and plants of this descrip- 
tion. In other places, it consists of a deep mass of 
vegetable mould, so fertile and productive that the 
simplest cultivation is sufficient to raise from it the 
finest crops of grain, and every sort of food for man and 
animals. In many instances, deposits of this sort are so 
rich and of such apparently inexhaustible fertility, that 
year after year they produce the most abundant crops, 
without receiving anything in compensation in the shape 
of manure. Between these extremes in the qualities of 
soils, every description of soil is met with, differing as 
much in colour, texture, depth, and all other external 
characters, aS in their capabilities of affording nourish- 
ment to plants. 

It may be stated as a general rule, that all soils are 
produced from rocks by some or all of the numerous 
destructive operations to which rocks are exposed. This 
destruction, or breaking up of rocks, is effected by several 
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stupendous operations constantly going on in nature; 
for instance, volcanic action, floods, ice, and snow are 
described by geologists as active agents in changing the 
forms of rocks. The most effective agent, however, in 
altering the condition of rocks, and changing the character 
of the earth’s surface, is the atmosphere, including the 
phenomena of rain, frost, &c., which act chiefly mecha- 
nically ; as well as the chemical effects exerted by the 
oxygen gas, carbonic acid gas, and other constituents of 
the air already noticed. 

Whenever the surfaces of rocks are exposed to the 
action of the weather, they undergo a slow but sure 
process of decay,—they rot, or disintegrate, as this process 
is termed by geologists. Fragments, more or less bulky, 
are constantly detached by frost, or some of the means 
before mentioned: these separate into smaller pieces, 
and finally crumble to powder. We have noticed, when 
speaking of the constituents of the air, the extraordinary 
avidity with which the oxygen gas unites with certain 
bodies that are in a condition to receive it. Bodies of this 
sort frequently occur in rocks and minerals; and supposing 
them to exist at the surface, or within the reach of oxygen 
gas, combination will ensue; and the resulting compound 
being always more bulky, or otherwise different from 
the original form, a disturbance of the surrounding parts 
takes place, accompanied by a loosening of the surface 
of the rock. Again, the carbonic acid of the air has a 
great tendency to unite with several mineral substances 
of constant occurrence in rocks. For instance, there is a 
mineral called felspar present in many rocks. Where this 
mineral is exposed to the carbonic acid of the air, it is 
slowly decomposed, and separates into two new substances, 
both of which are highly useful in contributing to the 
growth of plants. These two substances are called respec- 
tively potash and silica. We shall again have occasion to 
speak of these substances at greater length in another divi- 
sion of thischapter. We mention them here merely because 
the mineral felspar is a good illustration of a substance 
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belonging to rocks, that quickly become altered when 
exposed to the atmosphere. The mechanical effect of 
rain and frost must also be noticed in considering the 
various means that assist in the breaking up or crumbling 
of rocks and minerals. It is well known that frost is 
most active in this respect, at least in countries like our 
own, where intermittent frosts are common in winter. 
It owes this activity to the fact that water. in the act of 
freezing expands with irresistible force; hence, if water is 
contained in any receptacle unable to yield to the increase 
of bulk, consequent on its freezing, the vessel is certainly 
broken : this is the case with the strongest iron vessels, 
In the fissures and interstices of rocks, water often accu- 
mulates, collected from the rain, dew, and other sources. 
This water will, on the occurrence of a frost strong enough 
to penetrate to these places, be frozen, and the brittle 
rock, unable to contain the water in its enlarged con- 
dition, is split and torn apart: on the ice thawing, or, in 
other words, the water again becoming fluid, these detached 
fragments are loosened, or fall away. By this means 
alone, enormous masses of rock are separated from 
the faces of cliffs, which in many places get visibly less 
and less every Winter. The rain also materially assists 
the above-mentioned agents in their united attacks on 
the surfaces of rocks and minerals: it not only washes 
away the finer particles of detached material, and thus 
exposes fresh surfaces for the renewed action of oxygen 
gas and carbonic acid, &c., but in many instances dissolves 
the rock itself ; and although the quantity of substance 
removed in this way is small, yet in the course of time 
appreciable diminution in bulk may be seen to have 
taken place from this cause. 

From the above general facts we may form some notion 
of the manner in which the surface of an exposed rock, 
supposing it to be tolerably level, or at most undulating, 
may be gradually converted into a soil. We can easily 
imagine how by the unceasing action of the oxygen and 
carbonic acid of the air, combined with the occasional 
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effect of frost, rain, &c., fragments are loosened and 
detached ; then crumble down and accumulate, until a 
layer of sufficient thickness is formed to retain enough 
water to preserve it in a porous, moist condition. Mosses 
and plants of a low organization will now spring up ; 
then in time will decay, and furnish to the imperfect soil 
a quantity of decaying vegetable matter: it will now be 
in a condition to allow of the growth of a higher class of 
plants, whose seeds may accidentally be conveyed to the 
spot. Vegetation being once established, the vegetable 
matter—the humus we shall presently describe—will 
steadily increase, until a due proportion is present to 
constitute a soil. This soil will, of course, be strictly 
dependent on the characters of the rock from which it is 
formed ; all its qualities—its colour, texture, &c.—will 
resemble those of its parent rock. If this rock contain 
all the mineral constituents requisite for the vigorous. 
growth of plants, the soil will be a fertile one; if, on the 
contrary, the rock is deficient in any of these constituents, 
a soil of corresponding quality results. And this is the 
distinguishing character of soils of this class; viz., that 
they always partake of the qualities of the rock on which 
they lie, and consist for the most part of fragments of 
this rock in different stages of pulverization. 

Another class of soils must now be noticed, whose 
origin is somewhat different from the above, and whose 
characteristic property is, that they do not always partake: 
of the characters of the rock on which they rest. Thus 
far we have only spoken of soils that have been directly 
produced on the surface of rocks by the breaking up 
of these surfaces when exposed to the action of the 
weather. This operation can only take place when these 
surfaces are tolerably level, or at the utmost undulating, 
and never on the sides of rocks that are at all steep or 
precipitous. Before inquiring into the character of this 
second class of soils, let us briefly account for the occur- 
rence, and describe the formation, of the vast masses of 
gravel, sand, clay, &c., which form vo *#7g* = portion of 
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the surface of the land, and on which the greater number 
of soils rest. 

Whenever the sides of rocks are steep and precipitous, 
or occur in the shape of cliffs, their destruction in the 
manner above described is considerably hastened; the 
fragments separated by any of the before-mentioned 
means fall away as soon as detached, and accumulate at 
the foot of the cliffs, or in the valleys of the mountainous 
district. The rain also washes away the finer particles, 
and carries them down to the lower grounds, when, 
perhaps, streams or rivers convey those substances still 
further away. Again, if districts like the above are 
exposed to floods, great quantities of loosened material 
are carried away, and transported to considerable dis- 
tances ; during which operation these rough fragments 
undergo more or less alteration in form, and assume the 
rounded shape commonly possessed by the pebbles found 
in gravel. While this loose matter is thus drifted along 
the valleys of the district in which it is formed, it will 
probably get mixed with the remains of other rocks of a 
different kind, brought down by similar means from 
neighbouring valleys; and thus will be deposited masses 
of material derived from several sources, in situations far 
away from the original position occupied by the particles 
of rock that composed them. These masses of drifted 
materials, altered by grinding against one another, by the 
action of water and other forces, make up the bulk of 
what we call clay, sand, gravel, &c.: they may all be 
described as mixtures of powdered rock, more or less 
altered by geological agents. 

The surfaces of beds of this description are converted 
into soils by means similar to those we have already spoken 
of as acting upon rocks. The operation in these cases is, 
of course, quicker, and the resulting soil generally of a 
better kind than soils formed on the surface of hard 
rocks ; since, in accumulations made up of fragments of 
several kinds of rocks, a greater number of the mineral 
constituents required by plants are likely to be present 
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than in any one rock. Other circumstances being equal, 
it may be assumed that a soil of this sort is superior to 
one of the former class. 

Another matter connected with the formation of soils 
must now be briefly considered ; viz., the occurrence of 
different kinds of soil in close proximity to one another. 
We often notice in districts of limited extent, several 
distinct kinds of soil, indicated by the colour, texture, 
appearance of the crops growing upon them, d&c.; and 
if we are at all acquainted with these soils, we generally 
find them as different in quality as their appearance 
would lead us to suppose. A variety in the characters 
of the soil is often noticed in a comparatively small space 
of ground. More than one kind of soil is commonly found 
on a farm ; even in one field it is not rare to find two or 
three kinds of soil. 

This difference in the character of soils is, as we have 
seen, in a great measure dependent on the underlying rock, 
or the deposit on which the soil rests; hence we may 
generally assume that a difference in soil is accompanied 
by a corresponding difference in the subjacent rock or 
deposit ; so that to account for the absence of uniformity 
in the soils of one district, we must seek for an explana- 
tion in the laws which regulate the position and arrange- 
ment of the rocks, beds of clay, gravel, and all other 
materials of the earth’s crust. 

Whatever kind of material may exist at the immediate 
surface of the earth, there is always found at a depth, 
varying in different localities, a solid rock. Of course the 
rocks found in this way vary to an immense extent in 
quality, character, appearance, and in every respect ; but 
however different they may be, we are able to class them 
as belonging to one or the other of two great divisions 
into which all rocks are divided. In cliffs, quarries, 
railway-cuttings, and other situations where the interior 
of rocks is laid bare, and we have an opportunity of 
examining their structure, we may notice that most rocks 
are Syitelles in regular beds, Javers, or slices, called by 
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geologists strata. In one and the same face of rock we 
may often see two or three different layers, composed of 
rocks widely different from each other in colour, texture, 
and every external quality, Rocks that are deposited in 
this manner, in layers or strata, are called stratified rocks. 
The number of stratified rocks is very great ; but of their 
numbers, characters, qualities, or origin, we shall not speak, 
merely taking for granted their existence. 

These stratified rocks are arranged in nature in a series 
one above another, in regular order. This series forms 
the upper or outer portion of the crust of our globe. In 
this series each bed of rock has its appointed place, and 
is generally found in this place,—at least in regard to the 
other rocks found above or below it. 

_ It must also be mentioned that the accumulations 
spoken of by the names of beds of clay, sand, gravel, &c., 
have also been deposited in layers or beds, generally at 
the top of the stratified rocks. Hence we often find 
cavities and irregularities in the surfaces of rocks filled 
up and overlaid by materials of this sort. 

At the bottom of this series of stratified rocks are 
found the unstratified rocks ; that is to say, rocks that 
have not been deposited in this regular manner, but 
which are uniform throughout their bulk, from the lowest 
parts of them we can reach, to their highest summits. 
We say these rocks occur at the bottom of the stratified 
rock, but they also occur in all other positions with 
regard to the series of stratified rocks, protruding through 
them, displacing them, overlaying them, and rising far 
above them. Another name for these rocks, that will 
throw some light on the above statements, may now be 
noticed. They are also called volcanic or igneous rocks. 
These rocks are all the result of voleanic action. By the 
stupendous effects of volcanoes and other mighty agents, 
that at one time or another have extended to all parts of 
the earth’s surface, these volcanic or unstratified rocks 
have taken up the extraordinary positions above men- 
tioned, and in so doing have displaced the stratified rocks 
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from their original level position, and compelled them to 
take up new positions at all sorts of angles with the level 
surface of the earth: Thus we find the series of stratified 
rocks, or parts of the series, inclined in all directions, 
often the edges of the beds uppermost. By this violent 
treatment, the layers of rocks have been somewhat de- 
prived of their regular order, many of the beds having 
been removed in one place and heaped up in another, 
creating all sorts of apparent confusion. 

To these effects of volcanic action must be added those 
of water, in the shape of floods, torrents, and inundations, 
which, by washing down and intermixing the materials 
of the rocks, have given rise to the deposits of sand and 
gravel, as before mentioned. 

Notwithstanding this complete mixing up of rocks, the 
order of the stratified rocks is so far preserved, that the 
presence and position of any one rock or bed beneath 
the surface, may generally be inferred by the position of 
some other rocks that appear at the surface, or to which 
we have access. On this fact is based the application of 
geology to the purposes of mining, agriculture, well- 
sinking, &. 

Of course, it is difficult to form an adequate notion of 
the vastness of these operations, or of the stupendous 
means that must have acted to produce them. These 
beds often form entire tracts of country, and the edges of 
inclined strata are ranges of hills and mountains. 

It is unnecessary for us to inquire into the causes that 
have led to this apparent confusion in the materials of the 
earth’s crust. It is sufficient for our present purpose to 
know that such is the fact, and that in this manner is 
explained the occurrence of several kinds of rocks and 
deposits nearly together at the surface of the earth ; and 
thus, also, to some extent, is explained how soils of a 
totally different character are found close together, and 
often alternating in the same field. The following sketch 
is intended to convey some notion of the structure of the 
earth’s crust. 


AGRICULTURAL CHEMISTRY. 


SOILS. 47 


We may also remark that the above facts furnish us 
with an opportunity of seeing how much our welfare has 
been regarded by the Creator. This seeming want of order 
in the arrangement of the beds or layers in which the 
materials of the earth are deposited, is evidently kindly 


_ provided, in order that we may avail ourselves of the 


numerous treasures contained in some of these beds. 
Were it not for this apparent confusion, all but the 
layers exposed to the surface of the earth would be utterly 
inaccessible to us, and we should for ever remain in 
ignorance, and suffer from the want of the numerous 
useful things contained in the earth, which we at present 
enjoy. 

We will now consider the soil more in detail, and first 
describe the various substances that are found in soils, 
their properties, uses, and their connection with agri- 
culture. 

Organie Portion of Soils. 


The soils of our gardens and fields, widely differing in 


“many respects, are so far alike as usually to present a 


i 
. 


brown or black colour, inclining more or less to red. 


_ This dark colour, found more especially in garden mould, 


and to a less extent in all cultivated soils, is due to a 
substance of vegetable origin, called humus. 

"Tn all soils are found “vegetable remains in different 
stages of decay. Some of these so far retain their original 


| form, as to be easily recognized as parts of roots, stems, 


leaves, and ther parts of plants. There is also a black, 
miable subst:.nce, consisting of the above-named vegetable 
substances, more completely decayed, so that no organized 
shape can be perceived. This vegetable matter is called 
humus ; and it is to this aiatarice that the dark colour 
observed in soils is due. 

Not long ago it was believed that the fertility of a 
soil is in direct proportion to the amount of humus it 
contains. Such, however, is not the case. It is now 
known that humus, though a most useful constituent of 
the soil, does not alone regulate fertility 
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That the fertility of a soil does not depend on the 
amount of humus it contains, is clear, when we recollect 
that peaty soils, naturally of inferior quality, contain 
more of this substance than any other description of soils. 
Again, many soils famous for the heavy crops of wheat, 
and other crops they produce, contain but a small pro- 
portion of this substance. 

Humus, as we have said, is the dark-coloured sub- 
stance resulting from the partial decay of vegetable 
matter, and is always formed when organic matter of 
this description decays in damp situations ; as when the 
stumps of trees are suffered to rot in the ground, or — 
when leaves decay in heaps. In a separate state, humus 
is a dark-coloured, friable, porous, light substance, or 
rather mixture of substances, since the humus generally 
contains several bodies, known to chemists by the names 
of humic acid, ulmic acid, ulmine, d&c.; but as these 
compounds resemble each other very closely, and as 
their action in the soil seems to be much the same, we 
think it advisable to speak of them all under the 
general term of hwmus. We may regard this substance, 
or mixture of substances, as a kind of charcoal, since 
it possesses many properties in common with this body, 
particularly that of absorbing and retaining gases: it is 
on this property of humus that its value in the soii 
chiefly depends. We have already remarked, that one 
of the sources from which plants derive the ammonia 
required for their growth is the atmosphere, where this 
valuable substance exists in a gaseous form in minute 
quantity ; and that this ammonia‘is absorbed by the soil, 
and supplied to the roots of plants. Humus helps to 
perform this office in the soil. In a dry state, it collects 
ammonia from the air ; the rain washes out the ammonia, 
and presents it in a dilute state to the roots of the 
plants. j 

Humus is also useful in the soil as a source of carbonic 
acid gas, another of the materials already described as neces- 
sary for the growth of plants. By slowly decaying, humus 
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furnishes a constant supply of this substance to the roots 
of plants. 

Thus we see humus plays an important part in 
supplying food to plants. It is, however, occasionally 
found in a condition different to that we have just de- 
scribed ; and, so far from performing the two important 
functions we have mentioned, it refuses to decay, and 
seems to be an incumbrance to vegetation. In this form 
it exists in boggy and peaty soils, and is popularly, though 
erroneously, called “sour humus.” From this torpid in- 
active state humus may generally be aroused by the use of 
lime, as we shall notice on a future occasion. 

Besides humus, other substances of vegetable and 
animal origin are also present in the soil; as the 
undecayed stems, roots, and other parts of plants, and 
the larve of insects: these materials are all comprised 
in the term “organic matter,” applied to them by 
chemists. 

If a portion of dry soil is burned in an iron spoon, or 
other more convenient receptacle, over a lamp or fire, the 
soil first blackens, sometimes smokes, gives off the pecu- 
liar smell of burning earth, and generally assumes finally 
ared colour. These changes are principally due to the 
destruction by fire of the organic matter present in the 
soil ; the distinguishing property of all organic compounds 
being that they are destroyed, or separated into their 
constituents by burning. The greater portion of the 
soil remains behind, and is generally a little darker 
coloured or redder than before burning, but otherwise 
unchanged by the action of heat. This is the 


Mineral or Inorganic Portion of the Soil. 


This portion of the soil forms in most cases by far the 
greater portion of its bulk and weight. It consists of a 
mixture of mineral substances, all of which take a more 
or less active part in assisting the growth of vegetables, 
While some of them act only mechanically by giving bu:k 
and porosity to the soil, the greater number, in additioz, 
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to this effect, act also chemically, that is to say, directly 
contribute to the growth of plants by supplying them with 
indispensable materials. The number of mineral consti- 
tuents usually found in soils is eleven or twelve, and 
what may at first seem astonishing is the fact that this 
number seldom varies in fertile and unfertile soils. In 
soils of almost every kind this number of materials is 
present. The presence or absence of certain materials 
determines in a great measure the quality of the soil. 
The fertility of land, however, is likewise affected by 
the condition in which these materials occur; for 
instance, the compound called phosphoric acid, before 
referred to as a substance intimately connected with the 
fertility of soils, is very seldom absent in any soil; but 
although a soil may contain considerable quantities of 
phosphoric acid, the direct supply of this fertilizing agent 
is often marked with beneficial results. Paradoxical as 
the fact may seem, it is easily explained, as follows :-— 
The phosphoric acid naturally present in the soil may 
exist in one of its stony, insoluble shapes before alluded 
to; in this form it is incapable of entering into the 
delicate vessels of the roots of plants, and remains in- 
effective, whilst the supply of the same substance in a 
condition in which it can be taken up by plants produces 
most beneficial results. Hence also the necessity of em- 
ploying proper means of rendering available the useful 
materials already present in a soil. ; 

The names of the inorganic or mineral substances be- 
longing to the soil are—Silica, Alumina, Lime, Oxide 
of Iron, Magnesia, Potash, Soda, Sulphur, Phosphorus, 
Chlorine, Fluorine. In this list we have arranged these 
materials in the order of their abundance, as they occur 
in a soil of average fertility. We will now proceed to 
describe the more prominent characters of each of these 
substances. 

Stlica is the predominating constituent of most soils, 
rocks, and minerals ; it forms a large proportion of clay, 
and the chief part of sani; in short, silica is the most 
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abundant solid material of the earth. In a pure state, 
silica is a white gritty powder, which is scarcely afiected 
by any ordinary chemical agent, and remains unaltered 
when exposed to the strongest fires, lt consists of silicum 
or silicon, and oxygen. These negative properties extend 
to nearly all the ordinary compounds of silica ; there is, 
however, one remarkable exception in the case of soluble 
silica, as it is called—a modification of silica that is soluble 
in water. This compound is found in all fertile soils, and 
performs an important part in relation to the growth of 
plants. A great many plants contain silica as an essential 
part of their substance. In wheat, barley, and plants of 
this description, we find a considerable quantity of silica, 
which has been conveyed into their structure as soluble 
silica by the agency of water. We are familiar with several 
combinations of silica in the different varieties of glass 
commonly met with. Bottle-glass, window-glass, &c., are 
all composed of silica, with smaller quantities of other 
materials. Silica is also called silicic acid, and occasionally 
silex. 

Alumina.—Alumina combined with silica forms pure 
clay. The white clay of which pipes are made is nearly 
pure clay. The clays found in soils have usually a 
red colour, due to the oxide of iron they contain. They 
consist of pure clay intimately mixed with fine sand, 
oxide of iron, and some other substances. Pure clay in a 
moist state is a smooth, plastic material, retains water 
with great obstinacy, and on drying retains the shape 
given to it when moist. Alumina in a dry state much 
resembles silica: it is a white, gritty, solid, exceedingly 
hard substance, which is sometimes found in nature in a 
erystallized state. The gems ruby and sapphire consist 

_of crystallized alumina. Alumina consists of oxygen gas 
and the metal aluminium. It will be recollected this is 
the metal that has recently attracted so much curiosity 
under the name of the new metal made from clay. Itis, 
however, a mistake to suppose that this metal has 
been newly discovered. This isnot the case: it has been 
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known for some years, but only to chemists. Like the 
metal calcium, contained in lime, or sodium in soda, 
aluminium could only be procured in small quantities, 
The only thing new about this metal is the discovery of 
a more ready method of separating it from its combi- 
-nations, and obtaining it in larger quantities, so as to 
admit of its qualities being better observed. By means 
of an improved process, aluminium is now obtained in 
bars and plates, and is made into small vessels. It is 
a metal whose appearance is intermediate between that _ 
of silver and zinc, its most remarkable quality being its 
extreme lightness. A bar of the metal lifted up conveys 
the impression of lifting only a rod of wood. It would 
no doubt be used for domestic purposes, if a more 
economical method of preparing it were known. 

Persons unaccustomed to remark chemical phenomena 
may well be astonished on being told that a bright silvery 
metal is contained in the clay of our fields ; yet such is 
the case: in every 23 lb. of pure clay there is 1 Ib. of 
aluminium. 

And now, while speaking of aluminium and the other 
metals of the soil, let us make a few additional remarks 
on the substance with which they are nearly all found 
combined. ‘This substance is oxygen gas, the same gas 
we have described as the principal constituent of the 
atmosphere. Is it not extraordinary that this element, 
displaying so many active properties when in the state of 
gas in atmosphere, should also exist in a solid form in 
earth and minerals under a totally different aspect, as re- 
markable for its passive and inactive qualities, as it is 
for the reverse of these qualities when it occurs in the 
air? Oxygen furnishes us with a good example of a 
body that assumes more than one condition, and also 
of the fact that one substance may present several 
different shapes when combined with different bodies. 
Thus we have already seen it forms the greater part of 
silica or sand, also of alumina and clay ; and we shall 
find it forming the chief portion of all the materials of 
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the soil. To return to our subject, let us inquire into the 
connection of alumina with agriculture. 

Alumina does not directly contribute to the growth 
of plants,—it is seldom absorbed by their roots, and 
therefore is no direct food of plants. In the form of 
clay, however, it is a most essential constituent of the 
soil. 

Clay, as above noticed, is very retentive of water ; hence, 
in hot, dry weather the clay of a soil becomes of great 
service in protecting the plants grown upon it from the 
injurious effects of drought. At times, when the surface 
of the soil is apparently parched for want of water, if a 
little of the upper dry earth is removed, the subjacent soil 
will generally be found moist enough to prevent the 
plants growing in it from suffering for want of water. 
This property of soils is chiefly due to the clay and other 
combinations of alumina they contain. 

Another important use of clay in soils depends on its - 
power of sucking up and retaining the easily soluble 
salts supplied in manure and from other sources. Were it 
not for this property of clay, these fertilizing substances 
would be washed down by the first heavy rain into the 
subsoil, and be taken out of the reach of the roots of 
plants. By this provision, however, they are retained in 
the clay, and supplied to the plants as required. This 
property of clay enables us to understand the expression 
often applied by farmers to soils deficient in clay ; such 
as sandy and light soils, which are said to be “ hungry.” 
Another important property uf clay is its power of 
absorbing the valuable ammonia from the atmosphere, 
and conveying it to the roots of plants. 

Oxide of Iron.—This substance is closely connected 

_ with the two preceding ones, being generally found with 
them in greater or less abundance in clays, sands, and 
other minerals. It is oxide of iron that gives rise to the 
_prevailing red and brown tints of these substances. The 
blue colour sometimes noticed in rocks and clays is also 
due to oxide of iron of another sort. Blue clays on 
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exposure to the weather rapidly change their colour, and 
finally become red. This circumstance is explained by 
protoxide of iron, to which the blue colour is due, rapidly 
attracting oxygen from the air, whereby it is converted 
into the red or peroxide of iron. 

When a piece of bright iron is exposed to damp air, it 
quickly becomes covered with rust, and if exposed long 
enough, is entirely changed into rust. The red-coloured | 
friable substance formed in this way is oxide of iron, or 
the same substance which is found so abundantly in soils, 
sands, rocks, &c. In a moist state, as it is found in the 
clay of soils, oxide of iron, like alumina, possesses the 
power of absorbing ammonia from the air. 

The other oxide of iron, above referred to under the 
name of protoxide, has usually a blue tint, and occurs in 
the well-known salt of the shops called green vitriol or 
copperas. This substance is occasionally found in soils, 
and always exerts an injurious effect on vegetation. It 
is occasionally formed in soils from a mineral of not 
unfrequent occurrence, called iron pyrites, or iron com- 
bined with sulphur. This substance may often be seen 
forming yellow metallic scales in the cracks of lumps 
of coal. When iron pyrites is exposed to the weather 
under certain conditions, it is converted into sulphate 
of iron, or green vitriol, which, if present in more than a 
very small quantity, impairs the fertility of the soil. The 
barrenness of certain spots of ground has often been 
traced to the presence of sulphate of iron in injurious 
quantities: it occurs also occasionally in boggy and 
. undrained land. By prolonged exposure to the air and 
weather, sulphate of iron loses its injurious properties 
by being changed into the red or harmless oxide of iron : 
hence, the obvious remedy for land injured by the presence 
of this substance is thorough working, and fallowing. 
The same end may be more effectually attained by a 
liberal addition of lime to the land. 

Iron in the shape of oxide ‘of iron is very widely spread 
over the earth’s surface, being present in small quantities 
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in nearly all rocks and soils, and is occasionally found in 
them in so large a proportion as to admit of their being 
profitably employed as sources of metallic iron. 

Lime.—Lime, in the chemical sense of the term, means 
the hot caustic substance recently removed from the lime- 
kiln, where it has been prepared by means of fire from 
limestone rocks, which for the most part consist of 
carbonate of lime ; that is, lime combined with carbonic 
acid—the gas, it will be remembered, which forms a 
small proportion of the atmosphere. On burning these 
rocks, the carbonic acid contained in them flies off into 
the air, and lime, in the proper sense of the word, mixed 
with any foreign matter the rock may contain, remains 
in the kiln. In this state it is commonly called quick- 
lime, caustic lime, or hot lime : it consists of oxygen gas, 
combined with the metal called calcium. In this freshly- 
burned state, lime is strongly caustic or alkaline ; that is 
to say, it possesses a peculiar acrid taste; and when 
moistened, produces a soapy sensation on the fingers. 
This effect is due to its corrosive action of destroying 
animal and vegetable matter. For this reason it furnishes 
us with a valuable means of improving land suffering 
from an excessive quantity of vegetable matter, as in 
peaty and boggy soils. On this, with other equally im- 
portant properties, is based the use of lime as a means of 
improving defective soils; and since this operation of 
liming is an important one in Agricultural Chemistry, we 
shall speak of it at greater length in a future chapter, 
amongst other allied operations. 

When a lump of quicklime is sprinkled with water, it 
steams, cracks, gives off much heat, swells up, and finally 
falls to an exceedingly fine, white, dry powder : all the 
water used in the operation disappears. The lime is now 
said to be slaked, and retains its former caustic qualities. 
The proper name of this slaked lime is hydrate of lime : 
the water used in slaking has entered into chemical 
combination with the lime, and, with it has formed a new 
substance, in which none of the vrdinary’ properties of 
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water can be recognized. The heat given off during the 
process of slaking is the result of the violent chemical 
action. Without entering into the laws that regulate the 
production of heat, we may state, as a general fact, that 
a liberation of heat, or, more strictly, a disturbance of 
temperature, accompanies every chemical action. 

The slaking of lime is caused by the great attraction 
possessed by lime for water; or, as chemists say, the 
affinity of lime for water is strong. The above changes 
are represented as following the rapid slaking of lime by 
pouring water upon it. It must be understood that the 
same thing takes place whenever the quicklime meets 
with water, as when exposed to the air and allowed to 
slake spontaneously. In so doing, it derives the requisite 
amount of water from the atmosphere, which, as we 
have seen, always contains considerable quantities of 
watery vapours. 

Besides the affinity for water, lime has a great attrac- 
tion for carbonic acid gas. Slaked lime exposed to the 
air, especially when moist, rapidly absorbs carbonic acid 
(hence the use of lime in removing carbonic acid from 
places where it has accumulated to an injurious extent), 
and is converted into carbonate of lime; in fact, it 
returns to its original condition, and, chemically speaking, 
is in the same state as it was before burning; but its 
physical form is very different : it is now in a fine state 
of division. 

We avail ourselves of this property of lime when 
applying it to land. As it would be next to useless to 
add to a soil carbonate of lime in the shape of lumps of 
limestone rock, we should secure the fullest benefit by 
adding and perfectly distributing the same material, pre- 
pared from caustic lime in the manner just described, 
simply because in this finely-divided state it can be 
intimately mixed with the soil and at once come in 
contact with the substances on which it is intended to 
act. We may remark by the way, that the importance of 
attending to the state of division of a material intended 
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to be added to the land, extends to manures of all descrip- 
tious. 

Lime is indispensable to the growth of plants: in 
many plants it is an abundant constituent of their ash, 
or mineral portion, and is found in greater or less quan- 
tity in almost all plants. Thus we see lime is a very 
important material of soils. No soil—or rather, no culti- 
vated soil—is absolutely destitute of lime, although the 
proportion of it in many soils is often less than is required 
for a healthy growth of plants; and consequently the 
addition of lime in these cases is calculated to lead to an 
increase of produce. In the shape of carbonate of lime, 
by far the greater part of the enormous quantity of lime 
occurring in the earth’s crust is found. 

Lime also occurs, but less abundantly, in other states 
of combination; for instance, as sulphate of lime, 
phosphate of lime, silicate of lime, nitrate of lime, &c. 
Two of these we must briefly describe. Sulphate of 
lime is also called gypsum, and is better known by its 
common name of plaster of Paris. It is found in tolerable 
quantity in many localities, often beautifully crystallized, 
and is widely distributed in most soils, but in very small 
quantity. It is found in the ash of many plants, especi- 
ally clover, beans, &c. 

Sulphate of lime, as its name would imply, consists of 
lime combined with sulphuric acid, or oil of vitriol, and 
generally contains a definite quantity of water chemically 

combined with it. On burning, this water is driven out, and 
the resulting burned sulphate of lime is plaster of Paris. 

Since sulphate of lime is seldom present in soils in 

quantities sufficient to supply the demands of cultivated 
crops, gypsum is a useful manure, since, in addition to 
its direct action of supplying gypsum to plants that 
require it, a second and more important office is per- 
formed by gypsum in the soil; namely, that of converting 
the volatile combinations of ammonia into more perma- 
nent forms. This important property of gypsum will be 
spoken of under the article “ Manures.” 
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Phosphate of lime seldom occurs naturally in soils: 
it exists in certain rocks, and occasionally entire beds 
of it are found. The minerals called apatite, phosphorite, 
&e., consist chiefly of phosphate of lime: hence these 
minerals are valuable sources of phosphate of lime, for 
the preparation of superphosphates and manures of this 
description. As this compound of lime will also be con- 
sidered amongst the manures, nothing further need be 
said of it in this place. 

Magnesia.—This substance resembles lime in many of - 
its properties, and is generally found accompanying lime in 
rocks and minerals. Several kinds of rocks contain a large 
proportion of magnesia ; as dolomite, magnesian lime- 
stones, serpentine, &c. Magnesia, like lime, mostly occurs 
as carbonate, or combined with carbonic acid. It is also 
common as silicate, or combined with silicic acid. A 
variety of this combination of magnesia is well known as 
meerschaum, the material of pipe bowls. Two other 
forms of magnesia are familiar to most of us, viz., the 
magnesia of the shops, which is carbonate of magnesia 
artificially prepared, and Epsom salts, consisting of mag- 
nesia combined with oil of vitriol, or sulphuric acid. 

Magnesia is present in all cultivated soils, and is very 
necessary to the healthy growth of many plants. In 
wheat, barley, and plants of this kind, magnesia is always — 
found, combined with phosphoric acid, especially in the 
shells or bran of the grain. Its presence in the soil 
seems to be necessary to the proper development of the 
seeds of these plants. Phosphate of magnesia is found in 
company with phosphate of lime in the bones of animals... — 

Potash—When wood is burned, a greyish-white ash 
is left : this ash consists for the most part of potash, or ~ 
more correctly, carbonate of potash. 

The ash left on burning wood and other parts of plants 
in all cases consists of the mineral substances taken up 
by the plant during its growth. The presence of this 
mineral matter in plants is not accidental; it is the 
mineral food of the plant, and as neressary to its growth 
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as the other kinds of food we have before noticed; as 
ammonia, carbonic acid, &e. This subject being a very 
important one in Agricultural Chemistry, will be con- 
sidered in a future chapter, and therefore need not be 
entered upon in this place. We allude to it because the 
potash in most cases forms a large proportion of the 
mineral constituents of plants and trees, and consequently 
is found in greatest abundance in their ash. For this 
reason potash is a most essential material in all culti- 
‘vated soils. The principal source of potash is the mineral 
felspar. This mineral, as we have before noticed, occurs 
in many rocks ; and hence is found in soils. From this 
mineral potash is slowly liberated by the action of the 
carbonic acid of the air, which renders it available for 
plants, by whose roots it is absorbed. 

On burning the vegetable portion of wood, the potash, 
amongst other mineral substances contained in it, is 
left behind in the shape of carbonate of potash. From 
this source nearly all the various compounds of the potash 
of commerce are obtained. In countries where wood is of 
little value, as in Canada, Russia, and other places, it is 
burned in immense quantities for the sake of the ash. 
This ash, by a simple process, is converted into the 
potashes of the shops. The same material partly purified 
is the pearl-ash : both substances consist of impure car- 
bonate of potash. 

In some parts of this country the wood ashes are collected 
and extracted with water. This extract is technically 
called “lye,” and is used to “soften” the water used in 
washing linen. It owes its virtue to the carbonate of 
potash it contains. The carbonate of potash in this lye, 

_ and from other sources, has a peculiar caustic taste and 
soapy feel; it is “alkaline,” like the liquid ammonia 
and lime before described. Substances possessed of this 
quality are called alkalies: hence potash is an alkali. 
When a solution of carbonate of potash, or what is the 
same thing, the lye above noticed, is boiled with caustic 
lime, and the mixture allowed to stand until the upper 
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portion is clear, a solution of caustic potash is obtained. 
This solution, when strong, is a very corrosive liquid, 
capable of dissolving skin, hair, and all animal matters. 
The soapy feeling experienced on the fingers when 
handling alkaline substances, as potash, soda, and ina 
less degree soap, is due to a thin surface of skin being 
dissolved and removed by these alkalies. Caustic potash 
in a dry state consists of the metal potassium and oxygen 
gas. Potassium is a bright silvery metal, so light that it 
swims upon water, and in so doing takes fire. One of 
the prettiest chemical experiments consists in displaying 
this property of potassium. 

Potassium is a most interesting substance apart 
from its connection with agriculture, Imasmuch as it 
was the first of the light metals discovered at the be- 
ginning of the present century by the distinguished 
chemist Sir Humphrey Davy. Before this period, no one 
conceived that a bright metal was concealed in potash 
or in soda. These substances are now called oxides of 
‘their respective metals—combinations of oxygen gas 
with potassium and sodium—and are considered strictly 
analogous to the rust or oxide of iron, which contains 
the metal iron and oxygen gas. 

The use of wood ashes as a manure will be spoken of 
amongst the other manures in a future chapter. 

Soda very much resembles potash. While potash is an 
abundant mineral substance of land plants, soda occupies 
the same position with regard to marine plants or sea- 
weeds. These plants contain large quantities of soda: it 
seems to perform in them functions analogous to those 
performed by potash in land plants. 

On burning seaweeds, carbonate of soda is obtained; a 
salt closely analogous to carbonate of potash. This opera- 
tion is carried on at different parts of our coasts, where 
seaweeds are collected and burned. The resulting ash is 
called “kelp :” itis largely consumed by the manufacturers 
of iodine, and also used in soap-making, glass-making, 


and other trades. Kelp was until comparatively lately 
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the only source from which carbonate of soda, or washing 
soda, and other salts of soda, were obtained. At the 
present time carbonate of soda is obtained fr om common 
salt. The proper name of common salt is chloride of 
sodium, a familiar substance that furnishes us with a fine 
' example of chemical transformation. Common salt con- 
sists of the metal sodium (a metal analogous to potassium) 
combined with a most poisonous gas called chlorine. 
Every 581b. of common salt contain about 35 |b. of this 
gas, which in a separate state possesses the following 
formidable characters :—it is a heavy green-coloured gas, 
possessing, when mixed with the air, a peculiar suffocating 
smell ; in an unmixed state it must not be inhaled, since 
it acts when breathed as a violent poison ; indeed, this 
substance is always carefully handled by the chemist, and 
always prepared with much precaution. Yet this gas, 
of such ferocious qualities when uncombined, by union 
with sodium and other metals, becomes perfectly tame 
and passive, loses all its poisonous properties, and in 
the case of common salt becomes a most useful and 
beneficial addition to our food. Such is one of the 
many extraordinary facts presented to us on all sides by 
Chemistry. 

It is in the shape of common salt that soda chiefly 
occurs in soils, and generally but in small quantity. Com- 
mon salt is often extolled as a valuable general manure ; 
but however useful it may be for mangolds and a few 
other crops, or for destroying insects, its value as a general 
manure is very doubtful, at least in this country. On 
certain parts of the continent the use of salt is attended 
with decided improvement in the land; but in this 
country instances of this sort are rare. This may be ex- 
plained by the fact that most of our soils naturally con- 
tain enough salt for supplying the small quantity required 
by plants. The occurrence of salt in soils, often found on 
rocks entirely destitute of salt, is accounted for in the 
following manner. The rain is occasionally found to 
contain ‘appreciable quantities of salt, derived from the 
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sea; the spray and invisible particles of sea-water are 
often carried by high winds to great distances inland, 
where it is slowly deposited. The results of careful 
experiments, made with the view of determining the 
amount of salt conveyed to the land in this manner, 
distinctly show that the salt found in our soils is mainly 
derived from this source. 

Phosphorus.—All the materials we. have described 
hitherto as belonging to, and forming part of, the soil, 
are combinations of metals with oxygen gas :—hence 
their proper name, metallic oxides. Two or three other 
substances of another type must now be noticed, which 
resemble the metallic oxides in so far that they are 
also combinations of oxygen, and are consequently 
oxides, but differ from them in possessing, when in a 
separate or free state, properties altogether different and 
antagonistic to those we have hitherto considered. These, 
it will be remembered, always possess, when soluble in 
water, a peculiar caustic taste called “alkaline:” hence 
they are called by chemists alkalies, andalso bases. This 
latter term is applied to all compounds of the same 
character, whether alkaline or not. Two or three mem- 
bers of another group of compounds must now be noticed, 
whose oxides possess qualities the reverse of those belong- 
ing to bases or alkalies. They are sour compounds, and 
called by chemists acids. Alkalies and acids are great 
antagonists, because, whenever they meet they fight, so 
to speak, and deprive each other of their distinguishing 
properties ;—they neutralize each other, and produce a 
new class of bodies called salts. We thought it proper to 
describe thus briefly the formation of a salt, to account for 
the circumstance that few acids or bases are ever found 
in a free state in nature: they all occur in the form of 
salts. Moreover, nearly all the constituents of soils exist 
in the shape of salts. 

Phosphorus when combined with oxygen forms phos- 
phoric acid. Phosphate of lime, phosphate of soda, &c., 
are all salts of phosphoric acid. 
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In the state of salts, phosphorus is contained in nearly 
all soils,.but often in very minute quantities. 

In the shape of phosphate of lime, phosphorus occurs 
in apatite, phosphorite, and the other minerals alluded to 
in a former chapter. The roots of plants take up phos- 
phoric acid from the soil, and convey it to the different 
parts of their structure. Phosphorus is always found in 
the choicer parts of plants, as the grain of wheat, barley, 
&c. ; in the bulbs of turnips, mangolds, &e. ; in fact, in 
all vegetable productions used as food for man and 
animals ; and is always found in largest quantity in those 
portions of the plant remarkable for their nourishing 
properties. We shall see presently that phosphorus, like 
nitrogen, is intimately connected with the nutritive value 
of feeding materials. 

From the combinations of phosphorus, present in 
small quantities in their food, animals obtain the phos- 
phoric acid essential to the development of their bones. 
The bones of animals contain a large proportion of phos- 
phorus in the shape of phosphate of lime. Bones are 
the source from which the greater part of the phos- 
phorus and compounds of phosphorus of commerce are 
obtained. 

When bones are burned, they first blacken, and shrink 
in bulk ; by longer burning, they are converted into a 
white ash. This ash is the mineral part of the bone: it 
consists chiefly of phosphate of lime. By suitable chemi- 
cal means, the phosphoric acid can be separated from the 
lime, and from phosphoric acid phosphorus may be pre- 
pared. In a separate state, phosphorus is a yellowish 
semi-transparent solid, soft like wax, and possessed of a 
peculiar garlic-like smell. It is remarkable for being the 
most inflammable substance known, the least violence or 
friction being sufficient to set it on fire. On burning, 
it gives giving off clouds of white smoke. This smoke is 
phosphoric acid. 

The fact that a large amount of phosphorus is required 
by all crops, and that it is naturally present in the soil 
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only in small quantity, readily explains the reason why 
the artificial addition of this substance is generally fol- 
lowed by an increase of produce. Phosphorus is conveyed 
to the soil by employing phosphatic manures, such as 
bone-dust, superphosphate of lime, &c. 

Sulphur.—The proper name of the substance commonly 
known as brimstone is sulphur. Combined with other 
bodies, sulphur is invariably present in the soils of our 
fields. Thence it is collected by the roots of plants, in 
whose organism it performs important functions, and, 
like phosphorus, is necessary to the development of those 
portions of plants which afterwards become the food of 
man and animals. Sulphur is found in large quantities, 
mixed with earthy impurities, in the neighbourhood of 
volcanoes, and by a simple process is purified and pre- 
pared in the form usually imported into this country. It 
is also found in considerable quantities in the mineral 
iron pyrites. 

When sulphur is burned, it combines with the oxygen 
of the air, and forms sulphurous acid, the unpleasant- 
smelling gas generated on lighting lucifer matches. This 
sulphurous acid, by suitable means, can be converted into 
sulphuric acid, or oil of vitriol. This compound is pre- 
pared on a large scale in manufactories, where several 
thousand gallons are annually produced. 

Sulphur is an important article of commerce to this 
country, since, in the shape of oil of vitriol, it is indis- 
pensable in the carrying on of numerous trades and 
manufactures, and in an indirect manner is intimately 
connected with the processes of agriculture. Superphos- 
phate of lime, a manure which may be regarded as a 
necessity in the present system of cultivation, is prepared 
by the direct agency of sulphuric acid. 

Enormous quantities of sulphuric acid are annually 
consumed in this manufacture alone. 

Chlorine and Fluorme.—Very little need be said of 
either of these substances, since chlorine has been before 
mentioned, and the latter substance—fluorine—is not of 
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much interest in Agricultural Chemistry. Chlorine is 
chiefly met with in the form of common salt. In this 
form it exists in enormous quantities in the water of the 
sea, but is only sparingly distributed in the soil. Ina 
separate state, chlorine seems to take no part in the 
economy of nature. 

Fluorine is very much like chlorine, and occurs in 
minute quantity in soils, combined with lime. It also 
exists as a mineral called fluor spar. It is taken up by 
plants, and conveyed to the bodies of animals, where its 
chief use seems to be in forming the enamel of teeth, and 
in smaller quantities is present in their bones. 


Classification of Soils. 


Of the substances above enumerated, by far the more 
abundant in all soils, are the four or five first in the list, 
viz. silica, alumina, lime, and organic matter ; next in 
quantity, are oxide of iron, magnesia ; then potash and 
soda ; finally, in very small quantities, phosphoric acid, 
sulphuric acid, and chlorine. These statements apply to 
all sorts of soils: whether a soil be light or heavy, cal- 
eareous or sandy, fertile or barren, its bulk is always 
made up by some of the six materials first named ; the 
others always form but a small proportion of the soil, 
amounting together seldom to more than a hundredth 
part of its weight. 

All the constituents described above, may be grouped 
into four divisions, and considered as belonging to, and 
forming part of, one or more of the four natural materials, 
which, arranged in different proportions and distributed 
through various quantities of undecomposed fragments 
of rock or stones, make up the bulk of all soils. These 
four compounds are familiarly known to us as sand, clay, 
lime, and organic or vegetable matter. An idea of the 
general composition of each of these four mechanical con 
stituents, as they are sometimes called, may be gathered 
from the following table :— 

F 
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Sand may contaia— Clay may contain, — 
Silica, Silica, 
In small ( Oxide of Iron, Alumina, 
quantity, ( Lime. Lime, 
Potash 
In smaller 2 
tit Soda, 
s breast hE Phosphoric Acid, 
Sulphuric Acid. 
Limestone or Calcareous Organic Matter, or Decaying 
Matter may contain— Vegetable and Animal Mat- 
Lime, ter, may contain— 
Silica, Humus, 
Alumina, Other Vegetable Remains, 
Tistarnall Oxide of Iron, Animal Remains, 
quantity, Botaeh, In small quantity. 
Seda, but in a fine state | Silica, 


is hosphoric Acid, of division, and | Potash, 
Sulphuric Acid. well incorporated } Soda, 


(the mineral con- . 5 
stitnentwonedtoe. Phosphoric Acid, 


mer generations Sulphuric Acid, 


of vegetables or | Chlorine. 
crops), 


According to the preponderance of one or more of 
these compounds, soils are arranged in the following 
classes :—Vegetable moulds, clay soils, sandy soils, cal- 
careous soils, marly soils, and loamy soils. 

Let us now briefly consider the leading characters of 
each of these classes of soils. 

Vegetable Moulds——All soils that contain a large 
quantity of vegetable matter, either in the shape of 
humus or otherwise, are included in this class. Here 
we find two distinct varieties of soils ; viz. fertile moulds 
and peaty or boggy soils. By a large quantity of vege- 
table matter is meant more than 5 or 6 per cent.,* 
which is the quantity usually found in ordinary soils. 
In garden moulds there is generally about 9 to 10 per 


* In stating the quality of soils, we generally speak of their 
conan in one-hundred parts, or say so much per cent. of a 
substance. 
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cent. of organic matter ; in peaty and boggy soils, often 
as much as 70 per cent. Hence we see the amount 
of organic matter is no criterion of fertility. The 
superior quality of garden mould, as compared with the 
soils of our fields, is due not so much to the organic 
matter or humus it contains, as to its finely-divided and 
well-worked condition, and the more complete mixture of 
its constituents. 

In boggy and peaty lands it is this excess of vegetable 
matter that renders them unproductive. Hence the proper 
course towards their improvement consists in employ- 
ing the most efficient means at our disposal for getting 
rid of or altering the condition of this vegetable matter: 
in most cases, burning, and the liberal use of lime, will 
effect this object. 

Clay Soils.—Soils of this description are distinguished 

by their cold, dense qualities, and are well known as 
“heavy soils,” for the reason that the successful culti- 
vation of these soils can only be accomplished by the 
expenditure of a great amount of labour, strength, and 
capital. We have already noticed, while speaking of 
alumina, the peculiar retentive quality of clay, and have 
remarked upon the usefulness of this property of clay, 
But in soils that consist almost entirely of clay, this 
quality becomes too much of a good thing, and con- 
stitutes the chief obstacle that the tiller of clay soils 
has to encounter. For this reason, little can be done 
with clay soils until they are thoroughly drained. 
_ Another operation, often found very successful in the 
reclamation of unproductive clay land, is burning; 
liming also is a valuable means of bringing into cultiva- 
tion soils in which an excessive quantity of clay is the 
cause of infertility. The subsequent treatment in the 
management of clay soils consists in working them in 
as complete a manner and as often as the state of the 
ground will permit. 

With a great amount of labour and expense clay soils 
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become exceedingly fertile, and return a good profit to 
the cultivator, since they require less in the shape of 
manure than most other kinds of soil. This is because 
many clays contain inexhaustible quantities of the 
mineral substances required by plants, and only require 
proper management to yield those materials in an avail- 
able form. Hence clay soils are particularly adapted for 
the production of grain crops, especially wheat. 

Sandy soils are those that contain from 70 to 90 per 
cent. of sand. They are distinguished by characters the 
reverse of those possessed by clay soils. They are light, 
porous, deficient in retaining moisture, they soon suffer 
from drought, and by heavy rains are deprived of the 
little valuable matter they may originally contain. The 
chief defect of these soils is this want of retentiveness, 
which allows the rain and water to wash out the valuable 
portions of any manure that may have been supplied, 
before the roots of the plants have had time to take 
up these substances. Hence the term “hungry,” ap- 
plied by farmers to this sort of soil. For this reason, 
if at all practicable, the manure should be added in small 
and frequent doses. It is for the same reason that the 
system of liquid manuring succeeds on soils of this de- 
scription. 

The improvement of such soils obviously consists in 
adding clay, marl, &c., if such materials can be procured 
at a price at all consistent with the benefit they are likely 
to produce. 

Calcareous, or Lime Sotls.—This is a most exten- 
sive class of soils, including soils of most diversified 
characters. To this class belong all soils in which 
carbonate of lime forms the greater part of the bulk, 
or that contain more than 20 per cent. of lime; but 
since the rocks from which these soils are formed 
vary most widely in their composition and physical 
characters, it follows that soils of every degree of 
fertility are included in this division. Lime soils are 
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generally light soils, and easy to work; the greater 
number are poor thin soils; some of them, however, 
as those resting on the lower chalk formation, are ex- 
ceedingly good soils, and remarkable for their fertility. 

Lime soils of all descriptions are particularly adapted 
for the growth of leguminous crops, as clover, pease, sain- 
foin, &c. This latter plant is particularly fitted for thin 
soils resting on limestone rocks, since it has the power of 
sending its roots to great distances in the fissures of the 
rock, and extracting and bringing to the surface the 
fertilizing materials that the rock may contain. 

Marly soils are those that consist of a mixture of clay 
and lime, and contain from 5 to 20 per cent. of lime, and 
whose qualities are of course intermediate between clay 
and calcareous soils. These soils are subdivided into 
clay marls, chalk marls, sandy marls, &c. Marls of 
different kinds are often used as manures, and generally 
with good results. The effects produced by marls are 
usually more striking than those which follow the appli- 
cation of other calcareous matters. This superiority is 
mostly due to the phosphoric acid which many marls 
contain. 

Loamy soils are intimate mixtures of sand, clay, lime, 
and organic matter. They are subdivided into clay loam, 
sandy loam, &c. These are probably the richest sorts of 
soils, next to the better sorts of vegetable moulds. Like 
vegetable moulds, they contain a fair proportion of clay, 
sand, lime, &c., and the whole in a friable well-mixed 
condition ; and it is to this fact that the superior quality 
of loamy soils is mainly due. 

In order to convey a better idea of the composition of 
soils, we annex the following table, which includes 
analyses of each class. 
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This classification is usually adopted in the description 
of cultivated soils. The general composition of a soil, 
and its connection with one or other of the above classes, 
may in some measure be judged by examining it in the 
ordinary manner, by its colour, texture, the characters 
of the stones it may contain, the quantity of organic 
matter, &c. But to be able to speak positively on this 
subject, it is necessary to ascertain the precise composition 
of thesoil. This can only be done by a chemical analysis. 
Jt is the business of the analytical chemist to do this in 
such a manner that each constituent of the soil may be 
separated and its proportions determined. 

An approximate analysis of this sort is not difficult to 
make, and might perhaps be performed by any one so 
disposed ; but since a chemical analysis is of very little 
use unless it is complete, that is to say, unless everything 
contained in the soil is separated, and the potash, phos- 
phoric acid, and other more valuable parts of the soil are 
accurately determined ; and as these operations require 
much care even in the hands of an experienced chemist, 
we do not think it desirable to describe in any way the 
process for the chemical analysis of a soil. 

Another kind of analysis, often of great service in 
judging of the capabilities of .a soil, is called a mechani- 
cal analysis, and requires much less care and accuracy 
in its performance than a chemical analysis. This 
kind of analysis has for its object the determination of 
the relative amounts of organic matter, sand, clay, and 
lime, and in many cases is all that is necessary to decide 
important questions in the practical management of soils. 

The value of chemical analysis in deciding agricultural 
questions is often very great, and in many cases at once 
determines whether a proposed scheme for improvement 
is calculated to succeed or not. For instance, in the im- 
portant question of subsoiling, we can at once learn 
whether it is desirable or not to turn up the subsoil, by 
making a complete analysis of it: from the result of this 
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analysis we can decide whether its admixture with the 
surface-soil-is likely to produce improvement or injury. 
Subsoils often contain poisonous substances, which, if 
turned up, will of course exercise an injurious effect upon 
the surface-soil ; on the other hand, valuable fertilizing 
materials often lie hidden in the subsoil, which might 
greatly enrich the surface. ; 

Again, the infertility of a soil is often explained by an 
analysis. The soil may be suffering from the want of some 
material indispensable to the growth of plants, or it may 
contain something poisonous to plants; in either case 
Chemistry is generally able to enlighten us, and to point 
out the means for remedying the evil. 

Of a soil whose fertility is impaired, we can all pro- 
nounce that it wants manuring ; but with the assistance 
of an analysis we may also learn in what substance the soil 
is deficient in, or what kind of.manure it wants. With 
this knowledge we may restore its fertility in the most 
economical manner, by supplying those materials only that 
are required, and leaving out all the other, in this case, 
useless materials, always present in compound manures. 

By an analysis we may further ascertain whether a soil 
wants draining or not. 

Another question that often arises in the management 
of clay soils, and one that can be solved by analysis, is 
whether a clay may be improved by burning or not. In 
most cases this operation is attended with the best results, 
the soil being benefited to an extent often equal to that 
produced by a large dose of manure: in such cases this 
pxpensive operation can be advantageously employed, and 
the money spent upon it will be weil laid out. But it 
sometimes happens that a clay cannot be improved by 
burning, because it contains no useful materials in a 
locked-up state; and, consequently, is unable to supply 
them by any amount or by any method of burning. Hence, 
in such a case, the operation will be useless, and the 
money spent upon it wasted. Analysis willat once guide 
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us in this matter: it will teil us whether a clay will be 
improved by burning or not, and point out the proper 
method of burning clays, and the extent of improvement 
we may expect from it. 

Perhaps the most frequently occurring instance of 
practical benefit conferred by Chemistry upon agriculture 
is manifested in the assistance it renders in connection 
with the question of liming. Chemistry tells us in the 
readiest manner whether a soil wants liming or not, and 
points out the best plan of proceeding, if it does. If, as 
often happens, we have a choice of two or three sorts 
of lime at our disposal, it will also tell us which sort is 
likely to produce the best effect. 

Limestones and marls vary most widely in their fit- 
ness for use in this way; many of them contain an 
excessive amount of magnesia, and on this account are 
dangerous to use. Others may contain appreciable 
quantities of the valuable phosphoric acid. On all these 
points chemical analysis will enlighten us. We may 
ascertain in a very ready manner if there is enough 
lime in a soil as follows :—Place a little of the soil in a 
wine-glass, and add some muriatic acid (this acid is well 
known, and can easily be procured by the name of spirits 
of salt). If the earth now bubbles up or effervesces, we 
may assume that plenty of lime is present in the soil ; 
bnt if no effect is perceptible, we may infer that the 
soil is deficient in lime. The lime in soils usually occurs 
in the shape of carbonate of lime: this, as we have seen, 
consists of lime and carbonic acid gas in a fixed or solid 
state. On adding to this combination muriatic acid, the 
lime unites with this acid, and liberates its former com- 
panion—carbonic acid, This gas, in escaping from the 
mixture, gives rise to the bubbling up or effervescence. 
_ This test, it must be remembered, is but a very rough one, 
and by no means conclusive as to the presence or, absence 
of lime in a soil, yet it will often be found useful as a 
general test for lime. 
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CHAPTER IV. 
WATER. 


Att the different kinds of waters found in nature consist 
of real or pure water, containing different sorts and different 
quantities of animal, vegetable, and mineral impurities. 

Chemically speaking, there is but one sort of water, and 
this can be separated by suitable means from any descrip- 
tion of water, however impure it may be. The dis- 
tinguishing qualities of rain water, spring water, mineral 
water, and sea water, and all other kinds of water, are 
imparted by the foreign matters mixed with, or dissolved 
in this real or pure water. Before describing the quali- 
ties of pure water, it will be well to consider the general 
properties of ordinary water, and its connection with the 
other materials of the earth. 

‘Water is found in three states or conditions: as a solid, 
in the form of ice ; liquid, as generally met with ;: and as 
a vapour, or in a gaseous form, as steam. In these two 
latter conditions, water is intimately connected with the 
economy of nature, and especially with animal and vege- 
table life. Solid water, or ice, is comparatively unim- 
portant ; yet even in this shape, or rather in its con- 
version into this shape, water exerts a highly beneficial 
effect on our soils, as noticed in the preceding chapter. 
Although ice, or solid water, is seen only during a part of 
the year in this climate, it forms in the polar regions 
permanent rocks like granite, limestone, or other minerals. 
In warm or temperate climates, water is generally met 
with as a fluid ; in which condition it is intimately con- 
cerned in the operations of organized life. In every stage 
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of the development of plants, the presence of water is 
absolutely necessary, and in the various functions of animal 
life its presence is alike indispensable. In its more 
bulky condition of steam, water is no less useful and 
essential in the operations of nature. The vapour of water 
forms, as we have seen, an important constituent of the 
atmosphere, and it is in the form of vapour, or, as we 
shall call it, natural steam, that water gives rise to the 
‘beautiful phenomena of rain and dew. Before entering 
into any explanation of the manner in which these phe- 
nomena are produced from the vapour of water, it will be 
well to make ourselves acquainted with the general pro- 
perties of steam, and this we shall best do by first direct- 
ing our attention to artificial steam, or that produced 
when water is exposed to fire. And here we may remark, 
that this artificial steam performs a no less important 
part in our artificial world of manufacturing art, than 
does the natural steam in the economy of nature ; since it 
supplies us with an unlimited source of strength, and 
enables us to perform tasks that would otherwise be 
utterly impracticable, when made to exert its power 
through the medium of the steam-engine. 

When water is made to boil in a covered vessel, as in 
a teakettle, the water rises as steam, which quickly fills 
the vessel, and in a short time escapes from the spout, 
giving rise to a cloud of white vapour. Steam is nothing: 
more or less than water in the shape of gas, which gas is 
invisible like the air. It must not be supposed that the 
white cloudy substance seen to issue from the spout of a 
teakettle or the escape-pipe of a steam-engine, is steam : 
the white cloud is water ix: a finely-divided state, into 
which the steam is changed on coming in contact with 
the colder atmosphere. These particles of fluid water 
being too small to exhibit the transparent appearance be- 
longing to water in larger quantities, form a white opaque 
cloud, just as glass, which is usually transparent in 
masses, becomes white like flour when finely powdered. 
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We may satisfy ourselves that steam is really invisible, 
by noticing that immediately at the orifice whence the 
steam issues, the white cloud is not seen, it being only 
formed when the steam becomes mixed with the sur- 
rounding air, or still better, by boiling some water in a 
glass flask, when steam will rise from the mouth, while 
the interior is apparently empty. 

When a kettle or other vessel containing water is made 
to boil over a fire, provided the steam can escape, it never 
gets hotter than the temperature of boilmg water: this 
temperature is found to be 212° of Fahrenheit’s ther- 
mometer. How is this? We know that a vessel con- 
taining no water, under the same circumstances, quickly 
gets much hotter, and soon becomes red-hot ; why does 
not the kettle and water become red-hot too? Because 
all the heat that would make it red-hot combines 
with the water, which passed away as steam; and as 
long as any water is left, all the heat the kettle re- 
ceives will be disposed of in this way. Thus we may 
regard steam as water combined with heat. When water 
is converted in this manner into steam, it occupies 1,700 
times more space than it did when in the form of water. 
Further, if by any means this steam is deprived of its 
heat, the water returns to its original shape, that of fluid 
water, and now occupies 1,700 times less space than it did 
when in the shape of steam: the steam is now said to be 
condensed. Thus, by condensation, invisible steam returns 
to fluid water. It is on these simple facts that the pro- 
digious power of the steam-engine depends for its action. 
The steam-engine is merely a machine contrived to 
allow the above-named phenomena to display themselves. 
A very brief explanation of the source of motion in a 
steam-engine may not be uninteresting. A metal box is 
constructed, with a tight-fitting division that is capable 
of sliding from one end of the box to the other: thus the 
box is permanently divided into two portions, each portion 
diminishing or increasing in size as the division moves 
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from one end of the box to the other. The box we have 
described is the cylinder, as it is called, of the engine ; 
the tight-fitting but sliding division is called the piston. 
This piston is the only part of the entire machine that the 
steam puts in motion; all the other parts of the engine 
are contrivances for supplying steam to the cylinder at 
the proper time, or for communicating the motion of the 
piston to other parts of the machine. Let us see how 
the above properties of steam cause the movement of the 
piston. 

Suppose the piston to be moved to one end or to the 
top of the cylinder, and the compartment marked A in 
the annexed engraving to be filled with steam, and that by 
suitable means this steam is rapidly condensed, it will 
now occupy 1,700 times less space ; or, to be less precise, 
we may assume this compartment will suddenly become 
empty. Suppose again more steam is admitted at the 
other end of the cylinder, or to that compartment marked 
B. By its pressing with all its force on the upper side of 
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the piston, and there being now nothing on the opposite 
side to oppose its progress, the piston is moved forwards 
or downwards, as the steam enters and fills this portion 
of the cylinder. On this steam being in its turn con- 
densed in the same manner, and more steam being 
admitted to the lower compartment, the piston is moved 
back again to its former position ; and so by a repetition 
of these acts, the motion of the piston from one end of 
the cylinder to the other is maintained. 

Without entering into any explanation of the pro- 
digious power or strength of the steam-engine, we may 
remark that the force with which the piston moves 
depends on the pressure of the steam employed, and the 
extent of surface the piston exposes to the steam. The 
beauty of the steam-engine lies in the fact that its strength, 
however vast, is perfectly under control. 

Steam is formed at all other and much lower tempera- 
tures than that at which water boils. Water exposed to 
the air, evaporates and becomes steam at all temperatures ; 
even ice and snow evaporate to a small extent. The 
rate of the evaporation, however, always follows an 
invariable rule : it is rapid in proportion to the tempera- 
ture; slower, in proportion as the air is cold. We 
have already seen that the atmosphere always contains 
water in this invisible or gaseous condition, and that the 
amount of water present in the air depends upon the tem- 
perature of the earth and the atmosphere. 

The same laws of condensation affect the steam formed — 
at these lower temperatures, as in the case of that pro- 
duced from boiling water ; in either case a certain amount 
of heat is requisite to preserve the water in the form of 
steam of corresponding density ; and if by any means this 
heat is withdrawn, the water again separates as a fluid. 
These facts help to explain the phenomena of rain 
and dew. 

In hot, dry, summer weather, the amount of heat per- 
vading the air is very great, and a corresponding amount. 
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of water is dissolved by this heat, or, in other words, a 
great deal of natural steam exists in the atmosphere. If 
such air comes in contact with any colder object, it is 
cooled down, and now, being deprived of a portion of its 
heat, it is no longer able to retain all the water it held in 
solution ; so that a portion of this water is condensed, or 
deposited in a liquid form upon the cold object. This 
deposition of fluid water upon any solid object we call 
dew. We may produce dew at pleasure by exposing any 
cold object to warm and moist air. When a glass of cold 
spring water is exposed to the air in summer time, a 
copious deposit of dew is soon formed on the outside of the 
glass, produced from the steam in the air being condensed 
by: the cold glass in the manner above described. The 
same thing takes place when we breathe upon a looking- 
glass or polished metallic surface ; the water dissolved in 
our breath in this case, furnishes the fluid water or dew 
that is deposited on the glass or other cold surface. 

In the same manner, on a larger scale, water is 
deposited on the cool surfaces of the leaves of plants and 
other objects at the earth’s surface, giving rise to the 
pearly drops of dew. 

During the day, every object exposed to the sun 
becomes heated ; on the departure of the sun, in the 
evening, these objects begin to lose the heat they have 
absorbed during the day: it flies off or radiates in all 
directions, until, on their becoming cooler than the sur- 
rounding air, dew begins to fall, or, in other words, the 
steam of the air is condensed on the colder surfaces of the 
objects exposed to it. 

And here we must notice another beautiful natural 
law that regulates the deposition of dew, and prevents 
its being wasted on objects that can make no use of it, 
and thus reserves a larger quantity for growing vege- 
tables, which eagerly drink it in, and appropriate the 
refreshing dew. We must all have noticed that grass 
and herbage are often wet with dew, while the earthy snr- 
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face of paths and roads is still dry. This is because dew 
is always deposited first and in greatest abundance on 
those objects which :cool first. The leaves of plants 
belong to this class of bodies: they soon get hot on ex- 
posure to the heat of the sun, and as soon get cold again 
when the sun goes down. With earthy materials, as stones, 
gravel, and soil, the case is very different: these sub- 
stances are slow to receive heat or to become warm ; but 
when warm, are as slow in cooling. Hence these objects 
retain the heat of the day till late in the evening, and 
receive but little, if any, of the falling dew. 

When a body of warm air, containing a great deal of 
moisture or natural steam, comes in contact with another 
body of colder air, some of the steam is condensed and 
separated, as in the formation of dew ; but as in this case 
there is no solid object to receive the particles of liquid 
water, it remains where separated in the shape of minute 
white globules, and forms what we call mists or fogs. 
In cold weather, every breath we exhale forms in this 
manner a little cloud of white vapour : when we breathe 
on a cold glass, the water of our breath separates in dew ; 
but when we breathe into cold air, it separates in the 
form of mist. 

When a larger quantity of water is separated in the 
same manner, at a higher elevation, the particles of 
water collect in drops, and rain is formed, which, in falling 
to the earth, removes the dust and other extraneous 
matters floating in the air; thus at the same time puri- 
fying and cleansing the atmosphere and enriching the 
earth. 

The quantity of rain that falls in different localities 
varies exceedingly, being influenced by the physical 
character of the district, as well as by certain general 
laws. The chief of these laws is what we might infer 
from the above statements ; viz. that the amount of rain 
is greater in hot climates than in temperate and cold 
ones. It is often a matter of interest to ascertain the 
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quantity of rain that falls in a particular spot. This is 
done by means of .an instrument called a rain-gauge. It 
is simply a vessel for receiving the rain from a given 
extent of surface, and preventing its loss by evaporation 
until measured in a cylindrical glass, whose divisions 
indicate the amount of rain that has fallen in the space 
exposed by the gauge. The amount of rain measured 
in this way is generally stated in inches; so that in 
reading results of this amount, we are to understand that 
a quantity of rain has fallen that would cover the entire 
surface of the ground to the depth stated. 

In this country the average annual fall of rain is about 
28 inches. This quantity varies in different seasons and 
in different parts of England, being greater on the west 
side of the island than on the east. At London the 
average fall of rain during the year is about 22 inches ; 
at Liverpool 33 inches. The quantity of rain becomes 
larger as we approach the equator, and in parts of 
the East Indies the quantity of rain during the -twelve- 
month is as much as 190 inches, or nearly 16 feet. In 
this and other temperate climates the fail of rain is 
pretty evenly distributed throughout the year, but in 
tropical climates the rain falls during periodical wet 
seasons, in the intervals of which, with the exception of 
occasional storms and hurricanes, dry weather can be de- 
pended on. The observance of atmospheric phenomena, 
constituting the science of meteorology, is a matter often 
too little valued by persons generally: this is the more 
to be regretted, as it seems probable that by cultivation 
this science is capable of imparting valuable practical 
information as to the future state of the weather. 

The water of dews and rain is the purest sort of water 
met with in nature ; but even this contains impurities,— 
- foreign matters the rain-drops have collected in their 
passage through the air. Some of these impurities have 
been already noticed as substances useful to vegetation. 

Of course the rain that falls in the neighbourhood of 

- G 
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large towns cannot be included in the above statement ; 
as the atmosphere of these places is loaded with smoke 
and other abominations, it follows, that the rain falling 
m these localities must be very remote from anything 
like purity. 

By imitating the formation of dew, or by condensing 
steam in vessels where the newly-formed liquid water 
has no opportunity of meeting with foreign matters that 
can contaminate it, we obtain pure water. Whenever 
steam is condensed under these circumstances, the re- 
sulting water is free from all solid impurities. 

This operation is called distillation, and is carried on in 
vessels called “ stills”’,—the same kind of vessel used for 
the distillation of spirits, and for other purposes in the 
arts. The water obtained by this process is called dis- 
tilled or pure water. I+ is distinguished by the following 
characters:—In appearance it is much brighter and 
clearer, and more transparent than water as generally 
found in nature; it possesses a slight smell and un- 
pleasant taste, or rather its absence of taste produces 
an unpleasant sensation in the mouth. Further, it leaves 
no residue or crust of solid matter when evaporated. 
This pure or real water is the basis of all natural waters, 
as before stated. We can imitate any kind of natural 
water (as sea water or mineral water) by adding to dis- 
tilled water the solid substances found by analysis to be 
present in the water we wish to imitate. 

Distilled or pure water is largely used in analytical 
chemistry, in medicine, and for photographic and other 
purposes, where even the slightest impurities of drinking- 
water would seriously interfere with its use for these 
purposes. 

Let us now proceed to make ourselves acquainted with 
the chemical characters of this pure water, and ascertain 
its composition and its behaviour towards other substances, 

For a long time no one conceived that water contained 
anything different from itself, or, in other words, was a 
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compound substance ; but such has been found to be the 
case. This discovery was made by the distinguished 
chemist Cavendish, who at the close of the last century 
demonstrated that water is composed of two gases, called 
respectively oxygen and hydrogen. One of these gases 
we have already described, and would remind the reader 
that 8 lb. of every 9 lb. of water consist of the ever-present 
oxygen ; the ninth part of water consists of hydrogen, 
whose properties we will now briefly consider. 

Hydrogen gas is invisible and colourless like the air, 
and, as usually prepared, possesses a slight odour. The 
most remarkable property of hydrogen is its extreme 
lightness : it is about fourteen times lighter than the air, 
and consequently is the lightest substance known. 

Hydrogen differs from all the gases we have so far 
described, by being inflammable: it takes fire when a 
light is applied to it, and burns with a pale yellow flame, 
scarcely visible in the daylight, but of intense heat. 

Hydrogen is an abundant material of the globe, but is 
never found in a free or uncombined state. As a fluid, 

we have seen it forms a ninth part by weight of all the 
water of the globe; and in a solid form it occurs in 
considerable proportions in animals and vegetables. In 
the dry substance of hay, roots, wheat, &., about 6 lb. of 
every hundred pounds consist of hydrogen. In food of all 
descriptions hydrogen is also present, as well as in tallow, 
oil, wood, coal, and other materials used for fuel. 

We have mentioned as one of the properties of hydro- 
gen, its inflammability. Whenever hydrogen is burned, 
it is undergoing rapid oxidation, or combination with 
oxygen, in a manner precisely analogous to that described 
while speaking of carbon and carbonic acid gas. The 
result of this combination is water, which is always found 
wherever hydrogen is burned. Hydrogen is generally the 
companion of carbon in all its adventures throughout the 
artificial and natural operations going on around us. For 
instance, in combustion, respiration, decay, and the growth 
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of plants, hydrogen and carbon are always found in com- 
pany, and performing the same kind of purpose. The com- 
bustion of hydrogen is accompanied by the phenomena of 
flame ; all the flames usually met with, as those of our 
fires, candles, or lamps, are produced from the rapid 
oxidation of hydrogen. 

Thus our breath contains water as well as carbonic 
acid gas, and, like carbonic acid, is produced by the com- 
bination of the materials of our food with the oxygen of the 
air we inhale. The combination of hydrogen with oxygen 
in our lungs is also attended with the liberation of heat : 
this heat, with that resulting from the formation of 
carbonic acid, sustains the proper warmth of our bodies. 
The presence of water in our breath may be shown by 
blowing through a glass tube ; the water is condensed as 
dew, and soon collects in drops and trickles down the 
sides of the tube. 

By means of a powerful current of electricity, water 
may be separated into its constituent gases, oxygen and 
hydrogen. The quantity of hydrogen produced is always 
twice as much by measure as that of the oxygen. Hence 
we learn that two measures of hydrogen are combined 
with one measure of oxygen to form water. This de- 
composition of water by electricity is one of the most 
beautiful chemical experiments. 

To decompose water, we have always to employ powerful 
chemical agents. This is because the gases are held 
together so firmly as to resist all ordinary means of 
separation. Yet, difficult as the operation is to us, with 
all the appliances of science, the same operation is con- 
stantly going on in the leaves of the humblest plant. 
Plants decompose water as well as other still more 
powerful mineral combinations, as sulphuric acid, phos- 
phoric acid, carbonic acid, é&c., in the cells of their leaves. 
From the water decomposed in this manner plants derive 
the hydrogen, which, as above stated, forms a considerable 
portion of their substance. 
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Pure water can also be formed by burning together its 
constituent gases, oxygen and hydrogen, in the proportion 
above named. If this mixture is made to burn slowly 
by a suitable apparatus, a flame of intense heat is obtained, 
called the oxyhydrogen blowpipe-fiame ; if, on the con- 
trary, any quantity of the mixture is lighted, it explodes 
with fearful violence : hence this mixture is called explo- 
sive gas. The production of a compound in this manner, 
by putting together its constituents, is called synthesis ; 
the reverse of this process, or the taking apart, is the 
more common chemical operation called analysis. When 
a compound like water, for instance, will admit of its 
composition being demonstrated by both these operations, 
its composition is established with the greatest certainty. 
In this manner we can imitate the production of most 
mineral products ; but organic substances, or those of 
animal or vegetable origin, cannot be produced in this 
manner. We can analyze them, or take their constituents 
apart with comparative ease, but all attempts to put 
these constituents together again, with the expectation 
of reproducing the original compound, will utterly fail. 
This constitutes an important distinction between organic 
and mineral substances. 

Another property of water must now be noticed, which, 
although not strictly a chemical quality, is yet more than 
a mechanical one: we allude to the solvent power of 
water, or its property of taking up and dissolving other 
substances. When we mix salt or sugar with water, it 
dissolves, and soon entirely disappears. The sweet taste 
of the sugar or saline taste of the salt is transferred to 
the water, which is now said to be a solution of the sugar 
or salt. 

In this way a large number of substances can be dis- 
solved in water to a greater or less extent. Sugar and 
salt are easily-soluble substances, because a small quantity 
of water is sufficient to dissolve a considerable bulk of 
either ; but many of the substances that are soluble in 
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water are but difficultly soluble, a small quantity only 
bemg dissolved by a large quantity of water. It is this 
solvent power of water that prevents it being found in 
a pure state in nature. Even the rain-drops in falling 
through the air meet with certain soluble substances, and 
dissolve them: hence rain water, although the purest 
kind of natural water, yet contains substances dissolved 
in it. Again, the rain water, in soaking through the 
earth, meets with mineral matters, some of which are, 
dissolved and carried away. Thus the water of streams 
and rivers always contains some of the soluble matters of 
the ground through which it has passed. 

. When chalk or earth is mixed with a considerable 
quantity of water, the bulk of the solid soon settles to 
the bottom, but the liquid remains muddy ; and even 
after standing some time, the water is still far from clear. 
The fine particles mixed with or suspended in the 
water in this manner, must not be confounded with 
substances that are dissolved in it. When solid matter 
is merely mixed with or suspended in water, it can 
be separated from the water by long standing or by 
filtering ; on the contrary, a solid when dissolved in 
water will never settle by standing, neither can it be 
separated by straining, because it passes through the 
finest pores of the filtering material, and will be carried 
wherever the water can penetrate. Moreover, solid par- 
ticles, when merely suspended in water, can always be 
recognized by our sight,—even when their quantity is 
minute, they are indicated by a muddiness or want of 
transparency in the water ; whereas, solids that are dis- 
solved in water do not in the least interfere with its 
transparency and brightness. ( 

It is in the character of a solvent, that the value of 

water in relation to organic life is most displayed. As 
we shall learn when inquiring into the structure of plants, 
it is by means of this property of water that plants are 
supplied with a large proportion of the materials requisite 
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for their growth. In the bodies of animals it is also by 
means of this property of water that the nourishing 
solids of the food are conveyed to every part ot the 
animal frame. 

To continue the above-mentioned familiar example of 
solution ;—if we evaporate or boil away until none is 
left, the water to which salt has been added, the salt will 
be recovered in precisely the same condition as before 
dissolving in the water. In the same manner, all natural 
waters leave behind, when evaporated to dryness, as this 
process is called, the solids they had dissolved. We may 
avail ourselves of this fact to ascertain in a rough manner 
the relative purity of different sorts of natural water. 
We can apply this test by evaporating two or three drops 
of the water to be tested on a slip of window-glass, or a 
bit of tin plate, holding it over a lamp or candle in the 
position shown in the engraving. The water is soon 
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volatilized, and leaves behind all the solid impurities it 
contained. These are left as a crust or residue on the 
glass, which is of course abundant in proportion as the 
water isimpure. Pure or distilled water, tested in this 
way, will be found to leave no residue ; rain water will 
leave very little, river water still more; spring water 
generally yet more than the waters of streams or wells ; 
while sea water will leave the largest quantity of solid 
matter. By this test we may satisfy ourselves that clear- 
ness and transparency are no criterion of the purity of 
water. In this manner we can judge of the amount of 
solid matters dissolved in water, and of course learn 
something respecting its character or quality. 

Rain water, river water, and sea water, and some other 
sorts of natural waters, differ greatly in their qualities. 
The two former can generally be used for domestic 
purposes, while sea water is always totally unfit for 
drinking in all parts of the world. The water of springs 
varies considerably in different localities. This is because 
the rocks and strata through which spring water passes 
vary most widely in the quantity and quality of the 
soluble matters they contain. If a stream of water finds 
a channel through a bed of rock or mineral containing 
some particular soluble substance in large quantity, the 
water dissolves the substance and partakes of its qualities, 
In this way the various mineral waters are formed. 

Water can also dissolve gases as well as solids: the 
refreshing taste of spring water, and, in a less degree, 
of other kinds of natural waters, is due to the gases 
dissolved in them. These gases found dissolved in water 
are generally carbonic acid gas and the gases of the atmo- 
sphere. Other gases are occasionally found in spring 
water, which impart to it peculiar qualities. For in- 
stance, the water of Harrogate is impregnated with an 
offensive gas called sulphuretted hydrogen. The prevail- 
ing gas found dissolved in spring water is carbonic acid 
gas ; and it is somewhat strange that this gas, although 
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injurious to animals when inhaled, seems to exert a 
contrary effect when taken into the stomach ; being at 
least harmless, if not beneficial, when received in this 
manner. 

We swallow large quantities of carbonic acid dissolved 
in the beer we drink. The freshness of recently-drawn 
beer is due to the carbonic acid it contains : bottled beer, 
champagne, and other effervescing drinks, contain a large 
quantity of carbonic acid dissolved in them. On libera- 
tion from the closed bottles where these liquids are con- 
fined, a part of this gas escapes, and gives rise to the 
bubbling up or effervescence. 

On boiling, the gases dissolved in water are expelled. 
It is for this reason that water that has been boiled is 
flat and insipid to the taste; for the same reason, 
distilled, or pure water, is actually unpleasant to the 
taste. 

Water also dissolves organic matter of animal and 
vegetable origin. The green colour of the stagnant water 
of ponds and ditches is due to substances of this kind in 
different stages of putrefaction ; and as these impurities 
are generally accompanied by others still more offensive, 
__as funguses, animalcula, &c., water of this sort is wholly 
unfit for domestic purposes. 

We will now enumerate the more interesting properties 
of each of the common kinds of water. 

Rain water is, as we have said, the purest sort of 
natural water, and if collected in an open district, in a 
clean vessel, before it comes in contact with the roofs of 
houses, or other sources of contamination, it is nearly 
pure water, and contains only those foreign matters that 
are found floating in the air. Amongst these substances, 
the salts of ammonia, before mentioned, are important. 
It is to the presence of these salts, added to the uniform 
and gradual distribution of water of the same tempera- 
ture of the air, that the refreshing effect of rain on 
growing plants must be ascribed. 
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The water of streams and rivers contains a great many 
substances in solution, collected from the soil through 
which it has soaked; and the qualities of this kind of 
water will, of course, be influenced by the character of the 
land through which it has drained. The water of streams 
and rivers is occasionally found more or less muddy, and 
containing solid matter suspended in it. This mud is 
the finer particles of the soil, washed up and carried away, 
from the land over which it has flowed : on standing, these 
solid particles are again deposited. In this way we can 
to some extent account for the good effects generally 
seen to follow the flooding of land by water, either natu- 
rally, as on the banks of rivers subject to inundation, or 
artificially, by the process of irrigation. But the deposi- 
tion of mud is not sufficient to account for the striking 
improvement often observed in land that has been 
exposed to the action of water. Water acts in this way 
chiefly through the substances dissolved in it. These 
will generally be the salts of lime, potash, phosphoric 
acid, sulphuric acid, and other mineral matters that are 
known to promote the growth of plants. As it is known 
that earth, especially clay, is capable of extracting from — 
water any fertilizing salts it may contain in solution, and 
as many natural waters contain appreciable quantities of 
these solids dissolved in them, we can in this way account, 
to a great extent at least, for the increased fertility con- 
sequent on the flooding of land by water. Again, an 
important mechanical effect is exerted by water in large 
quantities upon land. 

By saturation with water, the ground will be consoli- 
dated, and its particles become better incorporated, so that 
on the withdrawal of the water a loose soil will be left in 
a better mechanical condition than it was before the water 
was admitted. Again, the air will now penetrate more 
freely to all the cavities of the soil vacated by the water, 
and will act more vigorously in decomposing the organic 
and mineral substances there present ; thus rendering 
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available a more copious supply of food to the growing 
plants. The fact of timber and other organic matters 
decaying most rapidly when alternately immersed in 
water and exposed to the air, may help to explain this 
effect of water in the process of irrigatiun. 

Rain water and river water are generally “soft ” waters ; 
that is to say, they contain nothing that interferes with 
their use in washing. When soap is used in soft water, 
the soap dissolves in the water, and exercises its cleansing 
effect in the following. manner :—Soap is a weak combi- 
nation of fatty matter, generally tallow with some alkali, 
as soda. On dissolving in water, the alkali of the soap, 
in virtue of the property already noticed as common . 
to all alkalies, dissolves the animal matter of the dirt, 
and at the same time a thin surface of the skin to which 
the foreign matters are attached: the violent action of 
the alkali is subdued and modified by the fatty matter 
also present. 

Spring water generally contains a larger quantity of 
mineral matters than the above-named kinds of water ; 
it also contains more gases dissolved in it. The pre- 
vailing solid of spring water is lime, or more properly; 
carbonate of lime; and the gas with which spring 
water is usually impregnated, and which gives rise to ° 
its sparkling appearance and pleasant taste, is carbonic 
acid gas. 

It is this lime dissolved in spring water that renders it 
“hard” and unfit for washing. When hard water is 
used with soap, the lime absorbs the soap as fast as it 
dissolves, and forms with it an insoluble compound, in 
which the soap is unable to exert its ordinary detergent 
properties. Hard water can only be made soft by re- 
moving the lime that it contains. This can generally be 
done—1. By exposure for a considerable time to the air ; 
2. by boiling; 3. by adding soda, or rather carbonate 
of soda; 4. by adding lime-water, or caustic lime dis- 
solved in water. Before we can understand how the 
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water is “softened” by these means, we must state more 
precisely the cause of the “ hardness.” 

It will be remembered that carbonate of lime, or chalk, 
is insoluble in water: it separates from water as soon as 
formed, as in the experiment for showing the presence of 
carbonic acid in the breath. 

If, however, more carbonic acid is added to the water 
than will form chalk with the lime, the chalk now redis- 
solves in the water. We may convince ourselves of this 
fact by extending the experiment above referred to. If 
the carbonic acid produced by limestone or marble is made 
to pass through lime-water, it first forms the white milky 
particles of chalk, but if allowed to pass through for some 
time after the chalk is formed, the chalk dissolves again— 
it disappears, and the liquid becomes clear. Thus we 
learn that water containing an excess of carbonic acid 
gas is capable of dissolving a solid substance that is other- 
wise insoluble ; in the same manner many other insoluble 
compounds are rendered soluble by carbonic acid. This 
property. of water impregnated with carbonic acid is 
especially deserving of notice, as it is intimately con- 
cerned in the supply of several of the mineral-food consti- 
tuents to plants, and will be referred to in a following 
chapter. 

On boiling the clear solution of chalk obtained by the 
above experiment, the excess of carbonic acid is expelled, 
and the chalk again separated in an insoluble form, or is 
precipitated, as chemists say. Most hard waters contain 
chalk dissolved in this manner by carbonic acid. When 
they are boiled, this gas is expelled, and the chalk is 
separated. In this way is explained the deposition of 
calcareous matter in our teakettles and the boilers of steam- 
engines ; whenever spring water is boiled, an incrustation 
is generally deposited from this cause. The same effect 
takes place more slowly when the water is exposed to the 
air: the excess of carbonic acid gas escapes, and the 
carbonate of lime is separated. 
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The softening of hard water by the addition of lime 
(ridiculous as it may at first seem to add lime to water 
already hard fromthe presence of this material) may be 
explained as follows :—The caustic lime added takes up 
the excess of carbonic acid gas which keeps the carbonate 
of lime in solution, to form more carbonate of lime ; this, 
with that originally present in the water, is now separated, 
and settles by standing. This means of softening water 
can only be cautiously employed, since the addition of too 
much lime does more harm than good ; it is, however, 
with proper care, a valuable means of softening water, and 
is extensively adopted on a large scale. These means 
of softening water can only be employed when, as is 
more commonly the case, the hardness of the water is 
due to the presence of carbonate of lime. Hard water 
is occasionally found in which sulphate of lime, or 
plaster of Paris, is the cause of this quality. In this 
case, the use of some alkali like potash or soda is the 
only remedy: the addition of these substances in all 
cases greatly facilitates the action of the soap. Hence 
the practice of adding pearl-ash or soda to water in 
washing. 

Spring water that contains in solution substances that 
render them unfit for domestic use, constitute the mineral 
and medical springs. Of these the chalybeate springs are 
most common : they contain the protoxide of iron above 
described. Others contain sulphate of magnesia, sulphate 
of soda, &. ; and a few contain substances valuable as 
medicines. 

Well waters vary in quality between spring and river 
water. While some wells are supplied by natural springs, 
the greater number receive their water from the drainage 
of the surrounding soil. From the stagnant condition of 
well water, it is generally of inferior quality to that of 
rivers or streams, and is often unwholesome, or even 
poisonous, from the presence of a large quantity of fungi, 
animalcula, &c., bred from the putrefying animal and 
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vegetable matters which the water of wells often con- 
tains in greater or less quantity. The water of wells, 
especially in towns, is often rendered unfit for domestic 
use by the sewage finding its way into the wells. 
For this reason, in sinking wells, especial care should be 
taken that a proper distance intervenes between them 
and the drains from stables, dwelling-houses, and all other 
sources likely to contaminate the water of the well. 
Well water, and that from other sources, often owes the 
greater part of its impurities to the solid matters floating 
or suspended in it. In these cases, filters may be used 
with great advantage; but it must be recollected that 
filters are powerless in removing any kind of impurities 
dissolved in the water. 

Sea water differs from all other sorts in being totally 
unfit for domestic purposes, and by the large amount of 
soluble matters it contains. Of these, we all know that 
common salt is the most abundant: 1,000 1b. of sea 
water contain about 35 lb. of solid matter; and of this 
quantity 27 lb. are common salt. A great number of 
other soluble substances exist in sea water ; in fact, the 
sea is the common receptacle for all the soluble matters 
of the globe. Water, in the shape of vapour, is constantly 
rising from the surface of the sea, and is carried over the 
land by the clouds ; these, sooner or later, discharge this 
water in the shape of rain, and this, in its passage back 
to the sea by streams and rivers, bears with it a quantity 
of soluble matter, derived from the soil through which it 
has drained. 

Notwithstanding the water of the sea is so impure, it 
may be purified by distillation. A knowledge of this fact 
might have saved numbers of persons from intolerable 
suffering, and even death from thirst, when deprived 
of fresh water at sea. A distilling apparatus might 
be constructed by almost any one on an emergency from 
a teakettle, or other vessel of the sort; and the only 
limit to the quantity of drinkable water that could now 
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be obtained would depend on the amount of combustible 
material at command. 

Water is decidedly one of the most valuable of Nature’s 
gifts: it not only contributes to our happiness and com- 
fort in so many different ways, but is intimately associated 
with our very existence. 

In every stage of the production of every sort of agri- 
cultural produce, water plays an important part: in the 
germination of seeds, the subsequent growth of the plants, 
the development of their seeds and bulbs, the presence of 
water is absolutely necessary. In ordinary articles of 
diet, water forms a proportion surprisingly large to per- 
sons unaccustomed to chemical wonders. In raw meat, 
78 lb. of every 100 lb. are water; potatoes contain 
72 per cent. of water; in cattle-food, a still larger 
quantity (in Swedes, for example, there is 88 per cent. of 
water, while in white turnips, the proportion of water is 
often as high as 91 per cent., or 9 lb. only of real food in 
100 lb. of turnips). After these statements, we may not 
be surprised to hear that the greater part of our own 
bodies consists of water: a man weighing 154 lb. con- 
tains 116 lb. of water and 38 lb. of dry substance. 


CHAPTER Y. 


CHEMISTRY OF THE PLANT. 


HAvING now made ourselves acquainted with the com- 
position of the soil, of the air, and of water, the sources 
whence plants derive the materials of their growth, let 
us trace the formation, from these materials, of the pro- 
ducts of vegetable life, particularly those which constitute 
the food of man and animals. When a growing plant is 
removed from the soil and exposed to the sun and wind, 
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it quickly droops, withers, and finally shrinks up to a 
much smaller bulk and weight than it possessed when 
recently gathered. This loss of substance is due to the 
evaporation of the water, which, as before hinted, forms 
so large a proportion of all living vegetables. Again, if 
this diminished substance of the plant left after drying is 
exposed to fire, nearly all of it burns away or disappears, 
leaving nothing behind but a little ash or mineral matter. 
The portion of the plant that suffers destruction by 
burning is called the organic part, because it consists of 
various compounds produced by the process of vegetable 
growth, from materials supplied from some of the sources 
above mentioned. The constituents of this organic part 
of the plants are carbon, hydrogen, oxygen, with small 
quantities of nitrogen. By heating, these materials pass 
off as smoke and invisible gases: hence the disappearance 
of the greater part of the plant on burning. These 
materials exist in the plant, grouped together in all sorts 
of positions and proportions, giving rise to the numerous 
substances of vegetable origin we see around us.. Wood, 
starch, sugar, fat, linen, cotton, and a multitude of other 
equally well-known materials, consist of nothing but the 
three former of these elements, in each case differently 
arranged. The fourth constituent, nitrogen, occurs 
chiefly in the choicer parts of plants,—the seeds, and 
other parts of their structure most valuable as feeding 
materials. 

The ash left on burning plants consists of the mineral 
substances extracted from the soil during their growth ; 
and these, not being volatilized by heat, are left behind 
after the vegetable matter is consumed. This portion of 
the plant is called the mineral or inorganic part of it, 
and consists of nearly all the materials described as be- 
longing to the soil. The general composition of plants, 
that is, their proportion of water, organic matter, and 


ash, will be understood by a glance at the following 
table :— 
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GENERAL COMPOSITION OF VEGETABLE I'RODUCE. 
(Stated in one-hundred parts.) 


WHEAT. TURNIPS. CABBAGE, 
fe AS 
Grain. Straw. White. Swedish, 
Wale occ cceccciewcsocccces's 12°26 14°23 90°43 89°46 86°28 


Organic or combustible mat- 
ter; consisting of carbon, 


hydrogen, oxygen, nitro- f ©°°99 73°30 8°95 9°52 11°85 


g 

Ash, or mineral matter; con- 
sisting of nearly all the % pea aS a ‘ 
constituents found in the cho 247 62 aE Oe: 1°87 
GOEL aclewevccseesciosesires 


SSS Se 


100°00 100°00 =100.00 100°00 100°00 


For a long time no notice was taken of this small 
quantity of ash left on burning plants ; no one supposed 
that it was in any way essential to the structure of the 
plant, or had taken any part in its development. Until 
comparatively recently, the impression concerning the ash 
of plants seemed to be that it consisted of mineral sub- 
stances accidentally conveyed to the plant from the soil. 
This, however, is not the case. We now know that this 
ash, or the mineral constituents of plants, although smaller 
in quantity, is nevertheless as important, or even more so, 
than the more abundant organic or vegetable portions of 
the plant ; that their presence is not accidental, but neces- 
sary to the formation and the existence of the vegetable 
productions in which they are found. Hence the separation 
of the constituents of plants into organic and mineral 
groups is altogether an imaginary division, and made only 
to suit our convenience in studying their composition, It 
must be recollected that no such division exists in nature, 
both mineral and organic substances being equally indis- 
pensable'to the development and to the identity of the 
several vegetable compounds of which the plant is built 
up; that, in short, vegetables, or more strictly the 
organic principles of vegetables, are combinations of large 
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quantities of certain constituents of the air and of water 
with small quantities of the mineral compounds of the 
soil. 

' That the ash or mineral constituents of plants is really 
essential to their growth, and not, as formerly supposed, 
merely of accidental occurrence, is established by the 
following facts :— 

1. The proportion of ash or inorganic materials, although 
subject to slight variations that need not be accounted for 
here, is generally constant in the same kind of plant, and 
in the various parts of the same plant. 

2. That while certain mineral substances are common 
to several families of plants, their amount and relative 
proportion vary with each tribe of plants; or, in other 
words, particular inorganic materials predominate in parti- 
cular tribes of plants. For instance, in the cereal crops, as 
wheat, barley, oats, &c., the prevailing mineral consists of 
silica. Again, in plants of the pea tribe, or leguminous 
plants, as clover, pease, beans, &c., lime is the predomi- 
nating mineral constituent. 

3. These differences in the composition of the ash of 
plants are not materially affected by the character of the 
soil on which the plants have grown. To continue these 
examples, the wheat plant is always found to contain 
a large proportion of silica, although it may have been 
raised on a lime soil, and the clover or pea will also contain 
large proportions of lime, even when grown on a sandy or 
clay soil. On this fact is based the classification adopted 
for cultivated plants, in which they are arranged in groups, 
named after the prevailing constituent of their ash ; and 
called silica plants, lime plants, potash plants, &c. 

4, Since each tribe of plants requires more particularly 
a certain kind and a certain quantity of mineral matters 
for its development, it is clear that unless a soil is capable of 
furnishing these materials in sufficient quantity, this tribe 
of plants will not flourish upon it ; and if the soil is wholly 
destitute of the particular mineral substances required by 
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the plants, they refuse to grow, or, at least, to come to 
perfection. 

These remarks will be better understood by a careful 
examination of the following table :— 


COMPOSITION OF THE ASH OF 


SWEDISH 
WHEAT. CLOVER. TURNIPS, 


a= pee ak 
Straw. Grain. 


Potash. sanscherivetnewwe AQUA (29°97 24-928 36°98 
Sey eo Bo oe en eee “60 3:90 3039 6°76 


BY CSE ele rots pole )0)5)nin ore 2°74 12°30 12°176 3°61 
MAUNIG Pete ors ae acit a siges OLS). tO LO 34°908 11:14 
Phosphoric acid.......... 5°43 46°00 7°352 9°74 
Sulphuric acid’ ick... =. (3°88 33 3°718 12°43 
mS) PEN on Sea ery See 67°88 = 3°35 1313 3°43 
Peroxide of iron ........ ‘74 79 1-470 1:09 
Chloride of sodium ...... ‘22 09 11°096 7°85 
Chloride of potassium .... — _ — *bo 
Carbonieracidsciictes swwisls s — — —— 6°38 


99°66 100°00 100:060 100-00 
Percentage of ashindry.. 6°02 1°93 10°53 5°91 


The mineral constituents of the ash, and the carbon, 
hydrogen, oxygen, and nitrogen of the organic portion, are 
said to be the ultimate principles of plants, because these 
are the fundamental constituents of all plants, into which 
they can be separated by chemical analysis. These mate- 
rials, existing in the plant, are not endowed with the 
same properties as we find them possessed of when forming 
part of the atmosphere, of water, or of the soil from 
which they have been derived. All their individual pro- 
perties are put aside, and by the functions of vegetable 
life they are arranged together in new forms, possessing 
new properties, altogether distinct from those of any of 
their combinations we have hitherto described. These com- 
pounds are called the proximate principles of plants, and 
they constitute the natural materials of which all plants 
are formed, The vegetable productions used as food for 
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man and animals are to be regarded as mixtures of those 
proximate principles. In order that we may clearly un- 
derstand the difference between the ultimate and proxi- 
mate principles of plants, and the full meaning of the 
latter term (a distinction that is very necessary to be 
understood), let us mention an example. The bulk of all 
plants consists of woody fibre ; this woody fibre, or simply 
wood, is the same substance, whether it occurs in close 
masses, as in the stems of trees, or as fibrous threads in the 
stems of smaller plants—the flax-plant, for instance. In this 
latter form we call it flax, and when manufactured, linen. 
In the former case we call it timber of various sorts ; but 
from whatever source derived, this woody fibre, when 
separated from foreign substances with which it is always 
naturally mixed, possesses the same qualities, and is 
chemically identical. Woody fibre is one of the most 
abundant of the proximate principles of plants. If we 
further examine this substance and subject it to other 
more powerful means of separation, we find it to consist of 
carbon, hydrogen, and oxygen, with a small quantity of 
mineral matter, orash. These are its ultimate constituents. 
Of the same character, but in less abundance, we find 
hosts of other compounds in the vegetable world ; but 
luckily for us, the number of them essentially concerned in 
the vegetable productions used as feeding materials is not 
large. While nearly every tribe and variety of plants 
contain some principle peculiar to itself, which gives rise 
to the distinguishing characteristics of its produce, they 
algo contain a number of other principles common to all . 
plants. Compounds of the former class generally consti- 
tute but a minute proportion of the substance of the 
plant, and may be omitted in all practical considerations ; 
the latter kind are those of which its bulk and weight 
consist, and by which its value asa feeding material is 
regulated. 

The number of proximate principles to which we need 
direct our attention is about twelve or fourteen. These 
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are divided into two classes :—1. Principles which consist 
of the three elements, carbon, hydrogen, and oxygen 
(exclusive of the small quantity of ash), as in the above- 
mentioned example, woody fibre. These are called non- 
nitrogenous or carbonaceous compounds, and with one or 
two exceptions, are also called respiratory, heat-giving, 
or fat-producing substances, on account of the part they 
perform in the animal organism. 2. Principles which 
contain, in addition to the elements just mentioned, 
nitrogen, as well as smaller quantities of the rarer mineral 
substances phosphorus and sulphur. These compounds 
are called nitrogenous, sanguineous, or flesh-forming prin- 
ciples, on account of the important office they perform in 
relation to animal life. 


Non-nitrogenous, Heat-giving, and Fat-producing 
Principles of Plants. 


The compounds belonging to the group of non-nitro- 
genous and fat-giving principles, to which we need direet 
our attention, are the following :— 

Lignine or woody fibre has already been noticed. It is 
by far the most abundant of vegetable products, as it 
forms the bulk of most plants ; in wheat, oats, grass, and 
all cultivated crops, it is more or less abundant. Woody 
fibre, in a matured state, is useless as a feeding material ; 
it simply passes unchanged through the animal system, 
and in the case of our domestic animals forms the chief 
bulk of their solid excrements: hence the amount of this 
substance materially affects the value of feeding materials. 
The imperfectly-formed woody matter, as it exists in 
young plants and in the succulent portions of older ones, 
is digestible in the stomachs of animals, and seems to be 
nearly as useful to them as the other members of this 
group. As it is found that the proportion of indigestible 
woody fibre greatly increases as the plants reach maturity, 
we can, to some extent, account for the stiperior value of 
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hay that has been cut early, in comparison with hay 
made from plants that have been allowed to arrive at a 
more advanced period of their growth. 

Starch forms a considerable portion of flour and meal 
of every sort ; it also occurs in potatoes, carrots, and other 
roots. Sago, tapioca, arrowroot, &c., consist almost en- 
tirely of starch. In a dry state, starch forms white 
glistening particles, which, when examined under the 
microscope, present the appearance of little groups of 
knobs or clusters of irregularly-shaped bodies. Starch is 
insoluble in cold water ; by heating, starch is converted 
into a sort of gum called dextrine. This substance is at 
present manufactured on a large scale, and has nearly 
superseded the use of the natural gum arabic. 

Sugar is present in the juice of most plants, and in 
particular plants, as the sugar-cane, maple-tree, and beet, 
occurs in a quantity sufficient to admit of its profitable 
extraction. Of the plants usually cultivated, sugar occurs 
in largest quantity in the carrot, mangold, Swede, and 
turnip. 

Gum, Mucilage, Pectin, are all more or less abundant 
in cultivated produce, and possess several properties in 
common. Mucilage occurs in particular seeds, as in 
linseed ; the gelatinous mass obtained on mixing linseed 
meal or linseed cake with water, is caused by the mucilage 
of the seed. 

Ow or fatty matter is found in the seeds of many 
plants, as linseed, rapeseed, &c. These seeds, even when 
deprived of the greater portion of their oil by pressure, still 
retain enough of this substance to render them useful as 
a feeding material: the various oilcakes used for fattening 
cattle consist of seeds in this condition. These several 
substances possess many properties in common, and with 
the exception of indigestible woody fibre, seem to be of 
nearly equal value in the animal organism. 

Of these compounds, the greater part of the dry sub- 
stance of vegetable productions used for food consists, and 
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when received into the animal system, they become the 
fuel before noticed as necessary for sustaining the animal 
heat in the process of respiration. It will be remembered 
that the breath of animals effects the combination between 
combustible materials in the blood and the oxygen of 
the atmosphere ; and as in this process a certain amount 
of heat is liberated, the animal heat requisite for the 
animal functions is kept up. These combustible materials, 
which may with great propriety be called animal fuel, 
are the starch, sugar, oil, &c, in food. The greater 
portion of the food consumed by animals is required 
simply for the purpose of supplying heat to the body by 
undergoing oxidation in the lungs. The products of this 
oxidation are the same as if these materials had been 
burned ; in either case, carbonic acid gas and water are 
formed, which, in the case of animals, pass off in the breath 
exhaled. Thus the chief part of the food taken into the 
animal system is disposed of through the lungs, and its 
constituents are returned to the atmosphere, in the same 
condition as before being manufactured by the plants. 
When a larger quantity of this kind of food is taken by an 
animal than is required to sustain the proper heat of its 
body, the excess is stored up in the shape of fat. Thus an 
animal confined in a small space and taking no exercise, 
becomes fat, from the formation of this material from the 
food that would otherwise be consumed by exertion. 
All of these respiratory compounds can thus be converted 
in the animal organism into fat, but with different 
degrees of facility: the nearer these substances approach 
to the character of fat, the sooner and readier they become 
fat when digested by an animal. For this reason, vege- 
table fats and oils are found most conducive to the for- 
mation of fat, when consumed by animals. This we can 
easily’ understand. We should naturally expect that the 
conversion of linseed oil, for instance, into animal fat, 
would be a simpler process than the production of the 
eame material from sugar or starch. In this way is 
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sxplained the superior efficacy of the different oilcakes, 
compared with other kinds of food in the fattening of 
cattle. On the contrary, when the quantity of respi- 
ratory compounds is deficient in the blood of animals, 
either from insufficient food being supplied, or, what 
amounts to the same thing, inability to digest the food 
taken into the stomach, the animal system suffers from 
want of heat, and cold is felt; the warmth required 
for the proper maintenance of the animal functions is 
wanting, and the health more or less interfered with. 
Moreover, unless a due amount of combustible matter is 
present in the lungs for the oxygen of the air to act upon, 
the surfaces of the lungs are themselves wasted by the 
oxygen of the air. As the heat of the body is in direct 
proportion to the quantity of respiratory compounds con- 
sumed in the lungs, and as a certain amount of heat is 
necessary for the proper performance of the functions 
of the animal system, it is clear that a healthy animal 
will require more heat, and consequently more food, in 
cold weather than in warm weather. In the same man- 
ner may be explained the well-known fact that animals 
exposed to cold winds consume more food than when 
sheltered. 

Thus we may conclude that the members of this group 
of organic compounds, when used as food, act either by 
supplying the animal system with warmth, or by furnish- 
ing material for the formation of fat, but are unable to 
impart nourishment, in the proper sense of the word : 
they are incapable of restoring the waste the body under- 
goes by exertion, or of supplying material for building 
up the bones, muscles, nerves, and other parts of the ani- 
mal frame. For this reason they do not of themselves 
constitute wholesome food. An animal fed on these 
materials only, quickly perishes for the want of the— 


Nitrogenous or Flesh-forming Principles of Plants. 
As already mentioned, the nitrogenous principles of 
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plants constitute the smaller and choicer portion of all 
vegetable substances used for food. These compounds 
differ from the preceding ones in having a less simple 
composition. They contain, in addition to carbon, hydro- 
gen, and oxygen, nitrogen, as well as smaller quantities 
of the rarer mineral substances sulphur and phosphorus. 
They all closely resemble in character the animal sub- 
stance called albumen, or white of egg,—hence they are 
sometimes called albuminous compounds; and, from the 
fact of their being the more valuable principle of food, 
or that portion of it that supplies animals with the 
materials of which their blood, flesh, and structure are 
made, these compounds derive their more common 
name of flesh-forming principles. The names of these 
compounds are, vegetable albumen, vegetable casein, 
gluten or vegetable fibrine, and legumine. 

When wheaten flour is moistened and made into a dough, 
and washed and kneaded in a stream of water, the starch, 
that forms a large proportion of flour, is carried away by 
the water, while an elastic, stringy mass remains. This. 
is gluten, or animal fibrine, and may be accepted as a good 
example of all the compounds of this class. Vegetable 
albumen is found in the juice of cabbage and other pro- 
duce, and resembles the white of egg. Legumine is a. 
peculiar compound, found in pease, beans, clover, and 
other leguminous plants, and is closely allied to the 
cheesy matter or casein of milk. All these compounds 
resemble one another most intimately, and possess. 
several properties in common, and may be regarded 
as equally valuable in the animal economy. For this 
reason some chemists regard them as modifications of 
one principle, which they call protein. Hence another 
name by which these bodies are known,—protein com-- 
pounds. 

We annex a table showing the proportions of these 
substances in several kinds of vegetable produce. 
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PROPORTION OF FLESH-FORMING PRINCIPLES AND 
WATER IN FOOD. 


GLUTEN AND WATER 
(in one hundred parts). 
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Tn the bodies of animals, substances corresponding to 
each of these vegetable principles are found: they are 
called fibrine, albumen, casein, &c. Fora long time these 
substances were regarded as peculiar animal products,—. 
combinations exclusively found in the animal system ; but 
such is not the case. It is now known that animals re- 
ceive these principles ready formed in their food, and that 
they are in all cases prepared in the first instance by 

lants. In the case of herbivorous animals, or vegetable- 
feeders, the class to which most of our domestic animals 
belong, these compounds are extracted from the food by 
digestion and other processes, and conveyed to the blood. 

The numerous products peculiar to the bodies of 
animals,—as gelatine,—the substance of skin, tendons, the 
organic portion of bones, &c. ; bile,—the chief agent in the 
process of digestion ; and other animal substances, are all 
formed from the breaking up or separation into ‘simpler 
compounds, of the primary combinations supplied by 
vegetables. In the case of carnivorous animals, these 
compounds are simply transferred from the flesh of the 
animals consumed as food to the blood of the consumer. 


lod 
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Hence the process of digestion and assimilation is in this 
class of animals comparatively simple. 

Since it js from these nitrogenous materials that the 
bodies of animals are built up and strengthened, it follows 
that the nutritive value of food, as far as its power of 
forming flesh is concerned, depends on the amount of 
those substances it contains, provided, of course, they 
exist in a condition that will admit of appropriation 
by the digestive organs of the animal that receives this 
food. In the human system, the most nourishing kind of 
food is generally well-cooked meat, or the flesh of animals 
in a state that will admit of ready digestion. This 
contains all the nutritive principles, as well as the respi- 
ratory material, in the shape of fat, in a concentrated, 
compact form; and in this state food is more easily 
assimilated by the blood than when conveyed to it in the 
shape of a bulky vegetable article of consumption. 

As it is exclusively from the albuminous materials that 
the muscles and tissues, wasted by exertion and exercise, 
can be renovated and strengthened, it follows that the 
greater the amount of exertion or work an animal under- 
goes, the larger must be the quantity of these substances 
that must be given to an animal in order to sustain its 
condition. 

If by any means the quantity of albuminous matters in 
the food is inadequate to make good the material ex- 
hausted by labour, the animal frame suffers waste and 
emaciation. For this reason, working horses require corn 
and beans in proportion to the labour they undergo ; and 
if from neglect or otherwise these materials are withheld, 
or other less-nutritive mixtures substituted, the health 
and stamina of the animals will inevitably be impaired. 
In young growing animals, the proportion of these ma- 
terials in the food must be still larger ; since, in addition 
to material for supplying the waste by exertion, as in the 
case of the adult animal, a further quantity is requisite for 
building up the rapidly increasing organsof their structure. 
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Again, in the case of animals whose system is exhausted 
by the production of any particular secretion, as for in- 
stance in milch-cows, the food supplied must contain 
sufficient nitrogenous matter to furnish material for milk, 
m addition to that required by the ordinary waste of the 
body. 

‘At the same time it must be remembered that the 
more valuable nitrogenous or flesh-forming principles, 
like the simpler ones before noticed, are equally unable 
of themselves to support animal life. A due mixture of 
the two sorts of compounds is the kind of food intended 
by Nature to support the health and strength of animals ; 
and for this reason we cannot expect that a departure 
from this arrangement can be persisted in for any length 
of time without endangering the life of an animal. 


DETAILED COMPOSITION OF VEGETABLE PRODUCE. 
(Stated in one-hundred parts.) 


WHEAT. TURNIPS. CABBAGE. 
Orr ooooaSN > 
~ , Grain. Straw. White. Swedish, 
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Structure of Plants. 


Having described the products of vegetable life that 
take part in the nourishment of animals, let us now 
inquire into their production, and endeavour to ascertain 
how they are formed in the organism of the plant from 
the materials at its disposal. “These, as we are already 
aware, are the constituents of the soil, of water, and of 
the atmosphere. 


Tt will be necessary, first, to briefly consider the general 
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structure of plants, as described by vegetable physiologists, 
Plants essentially consist of the root, stem, and leaves, 
The roots and fibres ramify in every direction in the soil, 
as the branches and leaves do in the air: the stem con- 
nects these two systems of organs. The substance of a 
plant—the greater pari of its roots, stems, and leaves— 
consists of minute tubes or pipes for carrying the sap to 
every part of the structure. The stem is thus a bundle of 
parallel tubes, some of which convey the sap from the 
roots to the leaves, others return the sap from the leaves 
back again towards the root. The extremities of the 
roots terminate in soft spongy organs, full of minute pores 
or openings, which are too small to allow of anything but 
liquids or gases passing through them : consequently solid 
matter cannot enter otherwise than in solution. 

Through these pores, at the extremities of the roots, 

“water and the substances dissolved in it are constantly 
absorbed, and conveyed through the inner portion of the 
stem to the leaves, where, by numberless small vessels, it 
is spread out over a large surface to the action of the air 
and light. Here the chemical changes take place that 
give rise to the production of the organic compounds 
above described. The sap containing these manufactured 
materials next passes downwards by the outer layer of 
tubes, or that which in trees is called the bark, and deposits 
the materials prepared in the leaf in the various organs 
of the plant. 

Thus the leaf is the most important part of the whole 
plant, the organ more directly concerned in the produc- 
tion of the different kinds of organic principles. The 
surface of the leaf is covered by a multitude of pores 
or openings. Through these pores gases are constantly 
passing ; carbonic acid gas of the air is absorbed ; water 
in the shape of vapour is evaporating. It is chiefly this 
evaporation of water from the leaf that gives rise to the 
circulating motion of the sap. 

The water constantly evaporating from the surfaces of 
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the leaves of plants, is supplied through their roots and 
stems from the moist soil. If this evaporation trom the 
leaves is more rapid than can be supplied by the roots, 
the leaves droop,—an effect constantly seen during the 
hottest parts of a summer’s day. The same thing takes 
place when a plant is separated from its root, and this 
the more rapidly as the surrounding air is warm and dry. 
We avail ourselves of this circumstance when hoeing 
weeds during the hot sunshine : the weeds, when deprived 
of their roots, or removed from the moist soil, quickly 
wither and perish. Again, a flower plucked from its 
stem soon droops and loses its beauty, from this loss of 
water ; but if we place its stem in water, some of this 
water is sucked up, and supplies the evaporation from the 
flower ; so that its freshness is preserved for a much longer 
period. 

The water that is thus constantly passing up through 
the stems of plants will, of course, carry with it the sub- 
stances it holds in solution ; and since these substances 
cannot evaporate with the water, they will be left behind 
in the organs of the plant : in this way the mineral food 
of plants is supplied. Every solid found in the plant must 
have entered in this manner through openings at the 
extremities of the roots, being, as before stated, too small 
to allow of the passage of any insoluble particles, however 
small they may be. But amongst the mineral or ash 
constituents of plants before enumerated, it will be noticed 
that several of them are insoluble in water ; for instance, 
phosphate of lime, silica, &c. How, it may be asked, 
do these substances find their way into the plant? In 
describing the solvent power of natural water, we re- 
marked that water containing carbonic acid gas in solution 
is far more active as a solvent for solids than water alone. 
We mentioned an experiment for showing that the in- 
soluble carbonate of lime, or chalk, is made soluble by this 
means. In the same manner the more valuable phosphate 
of lime is to a less extent soluble in water containing car- 


CHEMISTRY OF THE PLANT. 11a 


bonic acid. The water retained in the substance of the 
soil, constituting its moisture, is always impregnated with 
carbonic acid gas, derived from the decaying vegetable 
matter, and also from the atmosphere. In this condition, 
water can dissolve the otherwise insoluble combinations 
of phosphoric acid and other difficultly soluble salts re- 
quired by plants. 

The organic portion of plants consists, as we have seen, 
of carbon, hydrogen, oxygen, and nitrogen. We will now 
consider the sources from which plants derive these mate- 
rials. The greater portion of their bulk—the carbon—is 
derived from the carbonic acid gas of the air. As before 
hinted, plants absorb this gas by their leaves from the air, 
as well as by their roots when dissolved in water. From 
whichever source derived, on exposure to the sunlight in 
the organs of the leaf, this gas is decomposed, and separated 
into free oxygen and carbon. This latter substance is 
retained, and by the same agency combined with the water 
also present, and formed into various non-nitrogenous 
compounds. All these compounds may be regarded as 
combinations of carbon with water, the oxygen and 
hydrogen contained in them being generally present in 
the proportions in which they exist in water. Thus from 
water plants obtain the hydrogen and oxygen, which with 
carbon, are the only materials they require to produce all 
the non-nitrogenous or starchy compounds. This decom- 
position of carbonic acid, and its subsequent combination 
with the elements of water in the organs of the leaves of 
plants, is effected in a mysterious manner by the agency of 
sunlight. We infer this, because it is known that plants 
can only perform this operation by daylight, and vigorously 
only during direct sunshine ; but of the manner in which 
the light acts in breaking up these powerful combinations, 
we are utterly ignorant ; and this matter becomes still 
more mysterious when we learn that the more compli- 
cated albuminous or flesh-forming principles are formed in 
the same manner by the agency of light. In these com- 
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pounds, nitrogen and the mineral substances sulphur and 
phosphorus are present, in addition to the carbon, 
hydrogen, and oxygen of the simpler heat-giving com- 
pounds, The former of these materials are obtained by 
the plant respectively from ammonia, sulphuric acid, and 
phosphoric acid ; so that each of these powerful mineral 
combinations has to be decomposed; and their con- 
stituents, with those of carbonic acid and water, re- 
arranged in complex groups, that constitute the gluten, 
casein, and other nitrogenous principles of food. When 
we learn that these marvellous transformations are 
effected by the agency of sunlight, we perceive how much 
we are indebted for our health, happiness, and even 
existence, to the glorious sunshine. 

The nitrogen required by plants for the production of 
their more valuable albuminous principles, is obtained 
either from ammonia, supplied by some of the means 
enumerated while speaking of the atmosphere, or from 
nitric acid, or some other form of combined nitrogen. 

The question naturally occurs to us: Why do not 
plants obtain the nitrogen they require from the free 
nitrogen of the atmosphere? It is because plants, not- 
withstanding the wonderful synthetical power, or the 
ability of putting together, they possess in their leaves, 
are unable to overcome the natural disinclination of 
nitrogen, in a free state, to enter into combination with 
other bodies. It seems probable that plants do not 
appropriate the nitrogen from the air, all the nitrogen 
they require being supplied from ammonia, or some other 
form of combined nitrogen. Why the supply of nitrogen 
to plants should be thus restricted, we cannot surmise ; 
we only know that it is so, and may satisfy ourselves that 
it has been so arranged for a wise purpose. 

To some extent we can imagine the different state of 
things that would exist in the absence of this arrange- 
ment. Ammonia, apart from its connection with the 
albuminous or flesh-forming principles of plants, exercises 
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a stimulating effect on their entire organism, helping 
them to digest or appropriate the other kinds of organic 
and mineral food required for their development. For this 
purpose, a small quantity of ammonia is provided for the 
use of plants by nature. But if we supply to plants a 
larger quantity of ammonia in the shape of manure, we 
must also supply the other kinds of food, especially the 
mineral food, at a proportionate rate. In this case the 
stimulative effect of ammonia resolves itself into a 
more rapid growth or a higher stage of development, and 
in the case of some cultivated plants we are enabled by 
this means to get a larger crop than we should otherwise. 
If, on the contrary, the mineral food of plants is not 
present in quantity proportionate to the ammonia supplied, 
a deformed growth results ; the due proportion between 
the several organs of the plant is upset ; the leaves attain 
a monstrous size at the expense of the root or of the 
seeds. This effect would probably follow an unlimited 
supply of ammonia, or what amounts to the same thing, 
of nitrogen that could be assimilated. We may assume 
this as a reason why the nitrogen of the air is endowed 
with properties that unfit it for appropriation in the 
vegetable economy. 

Thus we perceive that plants have been appointed to 
prepare from simple inorganic compounds, as carbonic 
acid, ammonia, water, phosphoric acid, &c., the complex 
materials required to nourish the bodies of animals. 
These manufactured products, if we may so term them, 
when received into the animal system, become, on the 
one hand, the fuel that, by its combustion in the lungs, 
produces the requisite animal warmth, while others con- 
stitute the new material that is to replace the substance 
of every part of the body worn away and diminished 
by exercise and exertion. 

Tn the bodies of animals, the reverse of this action pre- 
vails. The compounds received in the food commence a 
series of downward changes, resulting in the reconversion 
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of their constituents into their normal and simpler com- 
binations. The respiratory principles of the food—the 
materials above named as the animal fuel—are consumed 
in the lungs, and are at once returned to the atmosphere 
as carbonic acid gas and water, while the more complicated 
flesh-forming materials, after having performed their 
appointed office in strengthening and invigorating the 
animal frame, are in their turn expelled from the system 
in simpler combinations, which, by spontaneous changes, 
quickly return to the forms they occupied before being 
appropriated by the plants. 

Thus we perceive how plants provide food for animals. 
Animals do the same for plants ; and in either case life is 
sustained by the operation. Both classes of beings are 
thus dependent on one another for existence. 


CHAPTER VI. 


MEANS OF RESTORING THE IMPAIRED FERTILITY OF LAND 
EXHAUSTED BY CULTIVATED CROPS, AND OF IMPROVING 
LAND NATURALLY INFERTILE. 


Laheustion of the Soil by Cultivation. 


WE are now prepared to inquire into the changes the 
soil undergoes in ministering to the growth of plants, 
and shall be able to understand the causes of its be- 
coming exhausted. Plants, as we have seen, derive 
from the atmosphere and from water but a small num- 
ber of the materials required for their growth ; or, to 
be more precise, they only obtain from these sources 
carbon, hydrogen, oxygen, and a little nitrogen ; all 
the mineral substances, and the greater part of the 
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nitrogen they require in the production of the several 
organic compounds described in the preceding chapter, 
must be supplied by the soil. Since every plant thus 
contains a certain amount of material derived from the 
soil in which it has grown, it follows that this soil 
must in all cases sustain a corresponding loss by its 
growth. Hence, from every cultivated crop the soil sus- 
tains a loss proportionate to the abundance and richness 
of the produce; however fertile or prolific of these 
materials the soil may be, it must sooner or later show 
symptoms of exhaustion, or inability to supply a due 
amount of material for the healthy growth of plants, 
if a succession of crops are raised upon it, and no equiva- 
lent returned to the soil in the shape of manure. 

These observations apply only to those crops, or parts 
of crops, that are carried off the land either directly, 
in the shape of vegetable produce, or in the shape of 
live stock. When the whole of a plant is returned to 
the soil where it has grown, an addition rather than a 
loss of material is the result, because the soil is enriched 
by the materials the plant has appropriated from the 
atmosphere and from water. The extent to which the 
soil suffers by the various crops raised upon it, will thus 
be chiefly regulated by the manner these crops are dis- 
disposed of. For instance, a crop of wheat removes from 
the soil during its growth a large quantity of nitrogen, 
phosphoric acid, sulphuric acid, and several other valuable 
mineral constituents ; and although the greater part of 
this crop, viz. the straw, is returned to the land in the 
shape of farmyard manure, yet, as the greater part of the 
more important materials are situated in the grain, which 
in most cases is sold off the farm, the exhaustive effect of 
this crop is accounted for. Again a crop of roots, as 
Swedes, for instance, requires as much material from the 
soil for its development as the wheat crop; but as this 
kind of produce is generally consumed on the farm, often 
on the ground where it has grown, a less amount of 

12 
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material is lost to the soil, because in either case the 
greater part of the nitrogen and mineral constituents 
of the crop is returned to the soil in the shape of 
manure. 

This loss of material, incurred by the soil by the 
growth of the crops raised upon it, is felt chiefly in 
inorganic substances, or the mineral food of plants, which 
constitutes the ash left on burning. The atmospheric 
food of plants, with the exception of ammonia, exerts no 
influence upon the exhaustion of the soil, since the 
amount of carbonic acid, &c., in the atmosphere, prac- 
tically speaking, is inexhaustible; but as the mineral 
constituents of plants, such as phosphoric acid, sulphuric 
acid, potash, &c., are supplied solely by the soil, and 
the quantities of these materials in a serviceable con- 
dition are limited even in the best of soils, it is chiefly 
by their loss that the fertility of the soil is impaired by 
cultivation. The amount of nitrogen present in a crop 
must also be taken into account in considering the extent 
to which the soil has been weakened. Some persons imagine 
that ammonia, like carbonic acid, is supplied ad. libitwn 
to all plants; that the minute quantity of ammonia in 
the air is sufficient to supply all the nitrogen of plants ; 
and that their ability to absorb this ammonia, and conse- 
quently, the amount of nitrogen they receive, is dependent 
on the quantity of mineral substances at the disposal of 
the plant. In other words, they imagine that the mineral 
constituents are the only materials required to be supplied 
to the plants, and that if these materials are provided in 
proper quantity, the plants will obtain for themselves 
from the atmosphere the requisite amount of ammonia to 
furnish all the nitrogen they require in the development 
of flesh-forming principles. It seems tolerabiy certain, 
however, that the chief part of the nitrogen present 
in cultivated plants is derived from the soil, to which it 
has previously been added in the shape of some sort 
of manure. Thus we may conclude that the nitrogen, as 
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well as the mineral or inorganic substances contained 
in a crop, have been supplied at the expense of the soil. 
In order that we may form an idea of the extent of 
this exhaustion, and the quantities of the more valuable 
materials removed from the soil by culture, we annex 
the following table. 


QUANTITIES OF THE MORE ESSENTIAL OONSTI- 
TUENTS OF THE SOIL REMOVED FROM IT PER 
ACRE BY A CROP OF WHEAT 


Wheat (grain) 
of 25 bushels. 
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Mineral substance, 26°25 1b., containing,— 
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Rotation of Crops. 


Another matter connected with the exhaustion of the 
soil by culture must now be noticed. It is well known 
that a soil may be exhausted in reference to one crop, and 
yet be fertile to a crop of another sort ; while it may be in- 
capable of bearing an additional crop of the same kind as 
that last grown upon it, one of another kind may flourish 
and come to perfection. This was formerly explained by 
believing that plants during their growth excreted certain 
compounds, and that each tribe of plants produced a 
different kind of excrement, which, although injurious to 
the plant that produced it, exercised a beneficial influ- 
ence on some other species of plants. In this way it was 
explained that several crops of the same kind would not 
grow successively on the same field, because the ex- 
crementitious substances left in the soil by the growth of 
these crops were present in too large a quantity to admit 
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of the further healthy growth of the same crop ; for the 
same reason, the ground was believed to be ina favour- 
able condition for the growth of some other family of 
plants that could appropriate and flourish upon these 
particular compounds. 

This notion, although very popular some time ago, is 
altogether a theoretical fantasy, as no direct evidence exists 
even of the formation of these excrementitious matters 
in the soil by plants, far less of their taking any part in the 
development of the succeeding crop. The more probable 
cause of this inability of the soil to produce many succes- 
sive crops of the same sort is explained by the facts before 
stated in connection with the composition of the ash of 
plants. It will be recollected that the ash of a particular 
tribe of plants always has the same approximate compo- 
sition, and that while the number of ash constituents of 
plants seldom varies in different kinds of plants, their 
amount and relative proportion vary with nearly every 
variety of plants. Further, it will be remembered that in 
each kind of plant, some one or two ash constituents pre- 
dominate, which will obviously be removed from the soil 
in largest quantity by the growth of the particular kind 
of plant or crop to which they belong. Hence we can 
easily understand that a soil which has just suffered a 
heavy drain upon one or two of its constituents for the 
development of a particular crop, will be unable to furnish 
the additional quantity of the same materials requisite 
for the healthy growth of a second crop of the same kind ; 
but at the same time, its stock of other substances being 
comparatively undiminished, it is fully capable of respond- 
ing to the demands of some other crop that is satisfied with 
a different set of materials. In the same manner several 
crops of different kinds may successively flourish on land - 
where a second crop of the same kind would utterly fail ; 
but where the same crop, or the same kind of crop, is 
repeated, even after an interval occupied by intervening 
crops, the soil will be equally unable to supply it with a 
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due amount of material, unless it has been replenished by 
the addition of manure, or unless the interval has been 
long enough to admit of the conversion of sufficient 
soluble and wholesome materials, from the insoluble and 
otherwise useless ones locked up in the fragments of un- 
decomposed rock which most soils contain. 

But apart from the character of the materials a crop 
extracts from the soil during its growth, its place in a 
series of crops, or in a rotation, is regulated by the 
capabilities and habits of the plants composing it ; it being 
well known that different kinds of plants are very 
unlike in their ability to seek their food from the soil and 
provide for themselves; some plants are helpless, so to 
speak, and languish for want of food, unless it is placed 
immediately within their reach. Others, again, are inde- 
fatigable and industrious in shifting for themselves even 
under difficulties, and if food is at all to be had, they will 
search it out and appropriate it. These latter plants are 
highly useful for collecting together the small quantities 
of valuable materials scattered throughout a large bulk - 
of soil. We may distinguish these as industrious plants, 
since they are noted for sending out roots to great depths 
and great distances in the soil in search of the materials 
required for the fabrication of the seeds and other parts 
of their structure at the surface. To this tribe of plants 
belong the clovers and grasses ; hence the improvement 
in the surface-soil that may be effected by laying it down 
in grass, and the advantage that is gained by the intro- 
duction of a grass crop in the series of crops of a rotation. 
Amongst this group of plants, sainfoin is conspicuous, 
and is highly valued in districts where thin soils overlie 
porous limestone rocks, as on the Cotswold Hills. This 
plant possesses in a high degree the power of thrusting 
its roots to great distances, and collecting and bringing to 
the surface the small quantities of fertilizing materials 
these rocks generally contain. The surface-soil is thus 
enriched, and becomes better adapted for the growth of 


120 AGRICULTURAL CHEMISTRY. 


those plants above noticed, which, from the rapidity of 
their development, or for other reasons, are unfitted for 
searching for their own food. Examples of this latter 
kind of plants are the turnip, Swede, and other root 
crops. It is well known that these plants will not 
flourish unless a copious dose of fertilizing materials is 
immediately within their reach; and as the substance 
these plants most require, especially at the early periods 
of their growth, is phosphoric acid, we can account for the 
fact that superphosphate of lime (a manure particularly 
rich in phosphoric acid) is so efficacious in promoting 
the growth of root crops. For the same reason, the 
superiority of well-rotted farmyard manure, compared 
with that in a fresh condition, is mainly due to the larger 
amount of available phosphoric acid it contains. On 
these and other circumstances, the rotation proper for 
a particular kind of soil is founded, and the above 
remarks are intended to explain a few of the general 
laws which regulate the order of the crops of a series. 


Natural Renovation of Exhausted Soils. 


It will now be proper to inquire into the means by 
which the soil is replenished with the materials removed 
from it by culture. It is known that a soil wholly or 
in part exhausted will, if left to itself, in course of 
time recover its fertility. This effect may be traced to 
several causes; amongst which the following may be 
mentioned :—We have seen that several bodies exist 
in the soil, as oxide of iron, alumina, humus, &c., which 
possess the power of absorbing and fixing the ammonia 
from the air. Again, combinations of the same valuable 
fertilizing material are continually brought down by the 
rain and stored up in the clay and earth of the soil. The 
ammonia collected in this manner, although extremely 
small in quantity, must not be overlooked in considering 
the natural restoration of the soil By the growth of 
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natural herbage, the surface-soil becomes enriched by the 
accumulation of organic matter derived from water and 
from the atmosphere, and by the same means any 
valuable mineral substance existing in the lower regions 
of the soil will be brought to the surface and distributed 
through this organic matter. Even during the ordinary 
systems of cultivation, when the greater part of the pro- 
duce is carried from the land, the amount of organic matter 
in the soil.in most cases increases, because many plants pro- 
duce even a larger amount of organic material, in the shape 
of roots, under the surface, than they do above it, in the 
shape of leaves, seeds, or other kinds of produce. Hence, 
when the plants die, all this organic matter is left in the 
soil, and tends to its improvement, not so much through 
any direct effect it exerts on the growth of succeeding 
generations of plants, as by mellowing and loosening the 
texture of the soil, and by preparing the mineral con- 
stituents in a high degree. On the decay of organic 
matter,—the roots of plants, for instance, in the soil,—all 
the mineral substances these roots contain are separated 
in a finely-divided state, and distributed through a porous 
mass that the roots of living plants can easily penetrate, and 
upon which they eagerly feed. Another and more important 
cause of the natural renovation of the fertility of a soil must 
now be noticed. In describing the mineral constituents 
of the soil, we have several times had occasion to advert 
to the fact that the same mineral substances which in a 
soluble and available form constitute its mineral ferti- 
lizing materials, also occur in most soils as stony and 
insoluble combinations, which take no part in assisting 
the growth of plants; and it has been remarked that the 
fertility of a soil depends not so much on the presence of 
certain compounds, as upon the condition in which these 
compounds oecur. By the unceasing action of the 
weather, these insoluble and useless compounds are slowly 
converted into combinations that will admit of convey- 
ance to the organs of plants through the medium of 
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water ; thus, by exposure to the wind, frost, and rain, 
these soluble fertilizing substances steadily increase and 
accumulate. To this cause is chiefly to be ascribed the 
restoration of land when left to itself for a length of 
time, as in the ancient system of long fallows. 

The chief object sought to be attained by the opera- 
tions of draining, ploughing, exposure to frost, harrowing, 
cultivating, &c., is the hastening and accelerating the 
action of natural agents in the last-named process of 
replenishing the soil. 

In many soils, especially the better sorts of clay soils, 
the quantity of fertilizing materials in this locked-up 
state is very great—in fact, for generations to come, 
inexhaustible. Hence the chief business of the cultivator 
of these sails consists in the employment of the above- 
mentioned mechanical means for assisting nature in setting 
free, and rendering available, these hidden treasures ; and 
the application of manures—at least of general manures 
—becomes a secondary object. But in all] soils the 
above-named mechanical operations constitute an import- 
ant division of the labour of the farmer, and must in all 
cases precede the more direct improvement of the soil by 
the application of manures. 

Although the above-mentioned processes may be con- 
venient] ly considered under the head of “ mechanical opera- 
tions,” yet their effects depend to some extent on chemical 
changes, which we must trace in order to understand their 
action. Another series of operations, including the ap- 
plication of manures, may be included under the head 
of “chemical means” of improving the soil. As a pre- 
liminary step to entering upon these divisions of our 
subject, it will be proper to make ourselves acquainted 
with the distinguishing characters of fertile and barren 
soils. In order to understand clearly the chemical and 
mechanical differences between productive and unpro- 
ductive land, let us first observe the composition of some 
soils of known fertility. 
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EXAMPLES OF FERTILE SOILS. 
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By the above analyses, we learn that in these soils, 
which may be accepted as standards of fertility, the sand, 
clay, organic matter, and’ other more bulky consti- 
tuents, are so proportioned that neither prevails to an 
excessive amount. Again, the more valuable mineral con- 
stituents, phosphoric acid, sulphuric acid, potash, &ec., are 
present in appreciable quantity, while no substance likely 
to injure or retard vegetation is present. A fertile soil 
also possesses many qualities, regarding which chemical 
analysis gives us no information. The chief of these 
properties is its texture. A certain looseness, uniformity, 
or mellowness, extending to a considerable depth from the 
surface, is requisite to entitle a soil to the appellation of 
a fertile one. However abundant and complete the 
chemical constituents of a soil may be, unless these in- 
gredients are intimately mixed and finely divided, it will 
still require improvement to raise it to its maximum 


fertility. 
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Infertile and Barren Soils. 


In proportion as the mechanical or chemical qualities 
of a soil are remote from those above named, so will it be 
an infertile or a barren one. The sterility of land may 
be owing to a variety of causes. While many soils are 
hopelessly infertile, from the obvious reason that they 
are too thin and poor; others again, equally worthless 
in practice, present external characters so false that a 
stranger would be apt to pronounce them to belong to 
the better class of soils. 

We may conveniently consider sterile and deficient soils 
under three heads. First, those whose sterility is caused 
by the presence of some substance deleterious to vegeta- 
tion, or to an excessive quantity of some otherwise useful 
material ; secondly, those in which the absence of neces- 
sary food-constituents of plants is the immediate cause of 
their inferiority ; and lastly, soils infertile because their 
mechanical texture is bad. Amongst the inferior soils 
helonging to the first of these divisions, are those soils 
occasionally met with, whose infertility is due to the 
presence of the noxious sulphate of iron described in a 
preceding chapter. It is not uncommon for this substance 
to exist in the subsoil, and not in the surface-soil. In 
this* case, its effects are displayed only upon certain 
deep-rooted plants, which are found to languish and die 
as soon as the roots come within the influence of this 
substance. Peaty and boggy soils belong to this class, as 
in these cases the excessive quantity of vegetable remains 
is the immediate cause of infertility. Coupled with this 
defect, and in most cases the primary cause of it, is the 
presence of stagnant water. This of itself constitutes a 
-source of infertility. Hence wet, undrained, cold soils 
must also be included in this division. 

To the second group of infertile soils belong those 
that have been exhausted hy injudicious cultivation : 
these may still retain a fine mechanical texture, their 
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chemical health only being impaired. Soils that are de- 
ficient in substance, as those that are too thin and shallow, 
must also be considered as belonging to this division. 
Soils of the third kind are those whose mechanical 
texture unfits them for supporting the healthy growth 
of plants. They may be too close, heavy, and retentive, 
as in clay soils, or too loose and porous, as in sandy soils. 
Soils of the former description frequently occur, con- 
taming in abundance all the materials required for the 
vigorous growth of every sort of crop, and require only 
mechanical improvement to convert them into soils of 
superior character. Such soils may be called crude soils. 


EXAMPLES OF BARREN SOILS, 
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We will now proceed to consider the means at our 
command for removing or ameliorating the above-named 
general causes of infertility. Some of these means will 
also constitute a necessary department in the cultivation 
of all soils. 


Mechanical Means of Improving the Land.—Draining. 


Of these mechanical operations, draining is undoubtedly 
the most important, since, apart from “the fact of an 
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excess of water being a common source of infertility, an 
efficient means of drainage may be regarded as an in- 
dispensable condition in all cultivated soils; and this 
in many instances can only be attained by artificial 
drainage. In some soils, the natural drainage is too 
active, and constitutes a serious defect, as in sandy, 
porous soils. In most cases, however, the reverse of this 
state of things exists, and nothing can be done with the 
soil until ar artificial system of drainage is established. 
This is especially the case in clay soils, which, as we all 
know, are exceedingly retentive of moisture. In these, 
and to a less extent in soils of other characters, the 
water that falls in the shape of rain, or that drains 
from higher ground, accumulates and stagnates, and 
seriously interferes with the growth of plants, unless an 
effective outlet is provided. When no outlet for the 
water exists, a morass or bog is formed, and the soil 
becomes entirely unproductive. When the means of 
escape for the water are defective, a corresponding re- 
duction of fertility ensues ; and although the surface-soil 
may not apparently be suffering from an excess of moisture, 
it often happens that the subsoil is permanently soaked 
with stagnant water, which greatly retards the healthy 
growth of plants. Thus, like many other good things, 
water, which, as we have seen, is so essential in every 
stage of the development of plants, becomes, when present 
in excessive quantity, altogether injurious. The evil 
effects of too much water in the soil may to some extent 
be explained as follows. 

The soil in a healthy condition consists of a layer of 
porous substance, full of cavities and pores, through which 
the atmospheric air and the gases produced by the decay 
* of organic matter continually circulate. “The air is indis- 
pensable in the soil to enable the functions of growth to 
proceed and new supplies of fertilizing material to be 
prepared. If, as in the case of undrained land, these 
cavities and pores of the soil are filled with water instead 
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of air, it is clear none of these necessary changes can 
proceed. Further, in the presence of stagnant water, all 
sorts of unnatural compounds are formed in the soil, which 
more or less interfere with the growth of plants and the 
health of animals. The proper circulation of the air 
through a soil is ina measure dependent on the means 
of exit that exist for water. When a shower of rain falls 
on properly-drained ground, the rain in penetrating into 
the soil drives out the inclosed air, to occupy its place ; but 
on the cessation of the rain, as the water continues to sink 
into and through the soil, it is followed by a new supply 
of fresh air, which in its turn acts upon the vegetable and 
mineral substances of the soil; and thus the process of 
decay and consequent production of fertilizing material 
proceeds with renewed vigour. 

Moreover, the clay and other substances of the soil are 
capable of extracting from rain-water the small quantities 
of fertilizing materials which, as already noticed, it generally 
contains. When a shower of rain sinks through the soil, 
most of the substances the rain-water holds in solution 
are retained and appropriated by the roots of plants ; but 
when the soil is already saturated with water, as in 
undrained land, no passage, or only a limited one, through 
the soil can be found by the rain; it therefore merely 
runs oif the surface, and these valuable constituents are 
wasted. 

Wet undrained soils are also sometimes called “cold” 
soils, This is a very proper name for them, since soils 
that contain an undue quantity of water are actually 
colder than they would otherwise be. This is explained 
by the facts noticed in a previous chapter in describing 
the properties of steam. It will be remembered that 
steam, whether natural or artificial, always contains a 
large quantity of heat, and that the evaporation of water, 
or its conversion into steam, is always attended by 
a loss of heat. Thus the heat of the sun shining upon 
wet ground is wasted by the evaporation of a portion of 
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the water, which, in becoming steam, absorbs the heat’ 
that would otherwise be retained in the soil, and the soil 
being deprived of a proper amount of heat, vegetation 
is retarded. Moreover, in the steam thus given off from 
stagnant water soaking in earth, all kinds of poisonous 
vapours are present ; the miasma of warm climates, and 
the milder forms of it in temperate ones, that give rise to 
agues and fevers so common in countries where drainage 
is altogether neglected, are emanations of this kind. Any 
one may satisfy himself of the production of noxious 
vapours from stagnant water under these circumstances 
by mixing any earth with water in an open vessel, and 
allowing the mixture to stand for three or four weeks : 
during this period the mixture will have acquired an 
abominable odour. 

Thus by the proeess of draining, the soil is rendered 
more porous, open, and looser ; all its cavities and inter- 
stices, formerly occupied by stagnant water, are now filled 
with sweet air, busily employed in promoting a healthy 
decay of the vegetable and mineral substances that the 
sil contains, and converting them into wholesome food fa 
uants. The earth is thus mellowed, enriched, and in every 
way better suited for the purposes of agriculture. By 
draining, the soil is also made deeper ; a greater depth of 
earth will be penetrated by the roots of the plants growing 
upon it, and an additional increase of produce on this 
account may be looked for. 

Since by draining, the land is made warmer, and the 
crops growing upon it hastened in their growth and 
brought sooner to perfection, the draining of a district 
produces a change tantamount to an improvement of 
climate—it becomes drier, warmer, and more wholesome 
and healthy to its inhabitants. . 

Another important effect of draining is in hastening 
the drying of soils after wet weather. As every farmer 
knows, the land must be in a proper state of dryness before 
any kind of work upon it can be attempted ; and however 


MEANS OF RESTORING EXHAUSTED SOILS. 129 


inconvenient or expensive a delay may be, this condition. 
of the soil must be waited for. Anxiety from this cause 
is often felt in wet autumns, when prolonged rainy weather 
interferes with the sowing of the wheat crop. 

Land that is properly drained is, of course, much less 
subject to remain in this wet, unmanageable condition than 
undrained or imperfectly-drained land ; and as in the former 
ease the proper condition of dryness during the intervals 
of wet weather is sooner reached, an opportunity will 
often be afforded for carrying on the necessary operations 
of the season, while land of the same kind, but undrained, 
remains in a state wholly unfit to be touched, and some 
other course of procedure than the one intended has to be 
adopted, even though at inconvenience and loss. 

A further effect of draining must now be noticed ; 
viz., the assistance it affords to all manuring materials. 
Manures, of whatever sort, can be more economically 
applied on drained than on undrained land; in other 
words, the same quantity of manure will go farther, 
or produce better effects, on moderately dry ground than 
on that which is wet and undrained. We can easily 
understand the reason of this: it is only what we should 
expect on recollecting that most kinds of manure, like 
organic matters and other substances provided by nature 
in the soil, require to be more or. less altered by the 
atmosphere before they can exert any useful effect ; and 
as the quantity of air present in an undrained soil is very © 
limited, it is not surprising that manures should require 
a longer time to act, and produce less effect, than in better- 
constituted soil. Moreover, we are now aware, that most 
fertilizing materials act upon plants through the medium 
of water ; the water, or moisture of the ground, dissolves 
small quantities of the mineral substances and conveys 
them to the roots of the plant; but in order that water 
may perform the office properly, it must circulate or move 
through the soil in different directions. During rain, the 
water falling on the surface will gradually pass downwards 
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through the soil. Again, during hot, fine weather, the 
evaporation from the moist surface will impart an upward 
tendency to the moisture in the soil; but in whichever 
direction the moisture moves through the soil, it will carry 
with it small quantities of the manuring materials it has 
dissolved from the fragments of those substances it has 
met with at different points of its course; and being 
everywhere intercepted by the roots of plants, it yields 
to these delicate organs as much of the materials it has 
gathered as they are inclined to make use of. But in 
undrained land, where the water of the soil is more or less 
stagnant, or incapable of circulation, the fragments of 
manuring substances become inclosed in a layer of satu- 
rated material, and all those particles not immediately 
adjacent to the roots of the plants take no part in contri- 
buting to the growth of the crop, and for the time being 
are useless. 

From these observations we may infer that draining 
is the first and most important means at our disposal for 
the improvement of all descriptions of land in which an 
undue proportion of water prevails. It merits this dis- 
tinction not only on account of the numerous beneficial 
changes it effects in the texture of the soil, but also 
because it is almost indispensable as a preliminary step to 
the employment of other more direct fertilizing agents. 
All the resources of scientific agriculture will be useless, 
unless a proper amount only of water is maintained in the 
soil, and the removal of every quantity beyond this is 
provided for. This, as before remarked, can generally only 
be secured by artificial drainage. 


Ploughing. 

The mechanical operations of ploughing, subsoiling, 
trenching, &c., can only be employed to greatest advantage 
after a proper drainage has been secured. 

_ Ploughing, besides the more immediate effect of break- 
mung up and loosening the soil, exerts a secondary action, 
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by exposing to the action of the weather a greater surface 
of the soil than would otherwise be the case. This effect 
of ploughing is strikingly displayed in winter fallows. 
The action of frost in reducing the soil to a state of 
division far beyond anything we can produce by artificial 
means, is well known ; and since on the flat surface of 
a soil the effects of frost would be but small, in conse- 
quence of the short distance to which frost usually pene- 
trates, a much greater advantage may be gained from this 
effect of frost by ploughing up the ground in autumn, 
and in this condition leaving it exposed to the action of 
the weather. By this plan masses of earth and clay will 
be exposed on all sides to the frost, and become frozen 
through their bulk. In this process, the moisture they 
contain, on being converted into ice, expands, and 
thus forces and holds apart every particle of earth con- 
tained in the mass. On the return of warmer weather, 
the ice again becomes fluid, returns to its original 
bulk, and the separated particles of earth now crumble 
down to a beautifully light porous mass, which, in a 
high degree, promotes the absorption of ammonia and 
other fertilizing constituents of the atmosphere. 


Deep Ploughing, Subsoiling, Trenching, &c. 

The principal effect of ploughing is to break up and 
loosen the soil, so that the air, which, as we have seen, is 
so necessary to the healthy condition of the soil, may ' 
freely penetrate through it in every direction. The roots 
of plants will generally only descend so far from the 
surface as this loosening by the plough extends. The 
depth to which the plough can be used will, of course, in 
a great measure, be regulated by the natural depth of the 
soil; but in many cases, no reason exists why this 
natural depth should not be extended, and the soil 
deepened by encroaching on the subsoil. On some kinds 
of land great improvement has been eflected by this 


means. 
K 2 
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To this end deep ploughing and subsoil ploughing are 
employed. By these operations the deeper regions of 
the soil are loosened, and will now admit of penetration 
by the roots of certain deep-rooted plants ; at the same 
time the drainage of the surface-soil is still further pro- 
moted, and its wholesome porosity maintained. The most 
useful effect of these operations consists in furnishing the 
soil with a new store of fertilizimg materials, which the 
lower portions of many soils contain, either belonging to 
them naturally, or that have been washed into them by 
the continued action of rain and other agents, which con- 
stantly tend to bury all materials added to the surface- 
soil. The recovery of these buried treasures is still 
further assisted by the gradual admixture of the subsoil 
with the surface-soil, as in trenching and allied opera- 
tions. 

The striking effects often seen to follow the adoption 
of trenching and deep ploughing in increasing the produce 
of districts where the use of these operations had pre- 
viously been unknown, may be traced principally to this 
cause.. The valuable material removed from the surface- 
soil during many generations, is again brought into use, 
and acts with renewed vigour in promoting the growth of 
plants. Moreover, the deeper layers of soil, that have 
hitherto remained undisturbed, often contain valuable 
mineral constituents, which, when mellowed by exposure 
to the atmosphere, greatly add to the fertility and pro- 
ductiveness of the surface-soil. 

After ploughing, we naturally arrive at the allied 
operations of harrowing, cultivating, rolling, cleaning, &e. 
By these auxiliary means the necessary looseness and 
well-mixed condition of the soil is more completely 
attained : by the same operations the ground is cleaned, 
or freed from those inveterate enemies to the farmer— 
the weeds, or those plants that are too ready to grow. 
In all cases it is advisable to burn the weeds collected in 
this way during the cleaning of land. By this means they 
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are effectually prevented from again taking root and dis- 
tributing their seeds, while at the same time their ashes 
become valuable additions to the fertilizing materials of 
the soil. The more completely these operations of 
pulverizing, mixing, and cleaning the soil are carried out, 
the finer will be the growth of the following crop, and the 
smaller the quantity of manure it will require to raise 
this crop to perfection. As before stated, all artificial 
manures go further on a soil that is well cultivated than 
on one that is full of coarse lumps, and is carelessly mixed 
and cleaned. We can easily imagine that this should be 
the case. A given bulk of earth in a soil that is well 
prepared will admit of a greater number of roots and 
fibres penetrating through its substance than when the 
same space is occupied by coarse unbroken lumps, as in a 
carelessly-prepared soil. In the former case every portion 
of the soil adjacent to the plants of a crop will be inter- 
mingled with roots, which will make use of every frag- 
ment of manuring material within their reach ; and thus 
every portion of the manure added will take part in sup- 
plying the growing crop: whereas, in the latter case, a 
great part of the manure applied gets beyond the reach 
of the roots, and in this isolated position is for the time 
being useless. Moreover, the substances supplied in the 
shape of manure to certain crops, as for instance phos- 
phatic manures for root crops, are required by the plants 
during the early stages of their growth ; and unless these 
substances are within the reach of the tender roots at 
this early period, much of the good effect expected from 
the manure will not be forthcoming. Thus, although 
even in an imperfectly-prepared soil the manure applied 
may ultimately be reached by the roots of the plants, 
yet at this more advanced period of their growth it 
will be of much less use to them than if earlier supplied. 
This fact is so well known by manure-makers, that some 
of our largest manufacturers of superphosphate also 
supply their customers with the best implements at 
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reduced rates, in order that the maximum effect of their 
manure may be displayed on the crop to which it is 
applied. 

Intermediate in character between the mechanical and 
chemical means of improving the land, are some import- 
ant operations, which must now be briefly considered : 
these are, mixing, paring and burning, liming, marling, 
&c. While, on the one hand, the texture of the soil is 
materially altered by the bulky nature of the materials 
concerned in these operations, an equally important 
effect is often produced by the chemical action of some of 
these materials. 


Mixing of Soils. 


Much improvement may often be effected in the 
texture of a soil by adding to it those kinds of earth 
it seems to be most deficient in ; for instance, a heavy 
clay soil will obviously be improved by the addition of 
sand or any other loose and porous material. Again, 
sandy soils require only clay to overcome their chief 
failing ; viz., their want of retentiveness ; while, on thin, 
scanty soils, the addition of earthy matter of almost any 
description will effect improvement by adding to their 
depth and substance. In most cases, economical con- 
siderations present insurmountable obstacles to improve- 
ment of soils by these means ; at the same time it must 
be admitted, that in many situations, where the requisite 
materials are at hand, immense improvement might be 
effected, and at an outlay for which the increased 
produce of the land may reasonably be expected to pay a 
good interest. Beds of sand are often found underlying | 
the stratum of clay on which the soil rests. Again, 
deposits of clay are often accessible from districts where 
sandy soils prevail: in cases of this sort, the spare labour 
of horses and men may be profitably expended in thus 
adding useful material to the defective soil. The addition 
of clay to a soil deficient in this material not only im- 
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proves its mechanical condition, but greatly adds to its 
fertility, in virtue of the numerous useful qualities before 
mentioned as belonging to clay. 


Paring and Burning. 


An important operation, which possesses in a high degree 
claims that entitle it to be considered both as a mechan- 
ical and chemical means of improving the soil, must now 
be described ; we allude to the operation of paring and 
burning, as well as the burning of clay by other means, 
for use in agriculture. These operations are especially 
valuable in heavy, clay soils, where every practicable 
means of increasing the looseness and porosity of the soil 
is to be eagerly sought for. At the same time they can 
be employed with advantage on lighter soils, since, in 
virtue of the chemical action of the burned materials, an 
amount of fertilizing substance, equal to that imported by 
a good dressing of manure, is often added to the soil by 
the operation of paring and burning. 

The operations of paring and burning are not always 
connected : it is often profitable to burn clay by some 
sort of cheap artificial fuel ; and as in all cases the burned 
clay is the more effective material, we will first inquire 
into the changes clay and earth undergo in the process of 
burning. We must again call attention to the fact 
that all soils, more especially clay soils, contain a great 
deal of fertilizing materials in a crude, undecomposed state, 
—a form that cannot be made use of by plants. It has also 
been stated that by the slow action of the rain, frost, and 
other atmospherical phenomena, these insoluble substances 
are slowly rendered soluble and converted into a form 
that can be made use of by plants.) The same changes 
can be effected more rapidly by fire. As in the case of 
organic matters, the same changes that take place by long 
exposure to the air at ordinary temperatures during the 
process of decay, are produced almost instantaneously at 
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a higher temperature, or, in common language, by fire ; 
so, in a less degree, with these mineral constituents of 
the soil, fire is capable of performing in a short time 
what is slowly effected by long exposure to the action 
of the weather. When clay is burned at a very high 
temperature in a furnace or kiln, it partially melts, and 
becomes a vitreous hard mass, which on cooling retains 
any form that may have been given to it before burning, 
and is almost imperishable by the weather. On this 
property of clay depends its application in the art of 
pottery, or the manufacture of useful domestic articles 
of crockery-ware. But when clay is burned at a lower 
temperature, as when burned in heaps with coal-dust or 
vegetable matter, its physical properties are altered to a 
less extent, and it becomes a porous friable substance, 
that easily crumbles to powder on exposure to the air. 
This burned clay differs from unburned, in having lost 
its plasticity, or that property of adhering and sticking 
together when wet. In this burned condition it remains 
in a powdery state, even when scaked with water, and in 
this respect partakes of the characters of sand. On this 
mechanical property depends its value as a means of 
lightening and imparting porosity to heavy, clay soils. 
But in its chemical qualities it also differs widely either 
from unburned clay or that which has been fused at a 
high temperature. In the latter conditions but very 
little of the constituents of clay are soluble in water ; 
whereas, in clay that has been properly burned at a low 
temperature, many of its constituents are rendered soluble 
in water, and others are so changed in constitution that 
by exposure to the air they readily become soluble, and 
at once capable of furnishing food for plants. It is chiefly 
on this chemical property of burned clay that its use- 
fulness is based. 

In the operation of paring and burning, other chemical 
changes are produced besides those above stated relating 
to clay. A quantity of organic matter is burned : this 


MEANS OF RESTORING EXHAUSTED SOILS. 137 


consists of vegetable remains, stems and roots of plants, 
with considerable quantities of animal matter in the shape 
of the larve and bodies of insects, &c. It may at first 
sight seem a wasteful process thus to burn and dissipate 
in the air what by decay would yield organic food to 
plants ; but the fact is, most of the organic matter 
destroyed in this process is unfit for any useful pur- 
pose. In certain kinds of soils the organic matter 
accumulates too rapidly, and attains an objectionable 
proportion in the soil: in these cases, burning supplies 
us with the best means of getting rid of it. Again, the 
operation of paring and burning is generally resorted to 
on foul pastures, or land full of roots and weeds, which 
often resist all other means of destruction. In all these 
cases, the destruction of organic matter cannot be 
lamented ; and even when the organic matter is of a 
less-objectionable kind, its sacrifice for the more valuable 
products of burning may often be advantageous. In the 
case of weeds or inferior grasses, much benefit will result 
to the soil from their destruction by fire ; since these plants, 
like their cultivated brethren, remove from the soil 
useful mineral substances. The soil is thus impoverished 
to supply these useless plants. When burned, however, 
all the mineral substances they have consumed are re~ 
covered, and returned to the soil in a condition that can 
at once be appropriated by cultivated plants. Thus the 
ash obtained by paring and burning consists of a mixture 
of burned clay and earth with the mineral constituents of 
the vegetable matter used in the process, and together 
constitutes a valuable manure, especially for root crops. 


Liming. 


The use of lime is justly esteemed as one of the best 
means we possess for improving certain kinds of soils. 
On many soils the addition of lime is followed by in- 
creased fertility, and in numerous cases the improvement 
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effected in this manner is so striking, that we cannot 
wonder at liming being at present ranked amongst the 
standard operations of agriculture. 

We have remarked on a former occasion, that lime is 
required for the growth of all kinds of cultivated plants, 
and, consequently, is an indispensable constituent of all 
cultivated soils. But while lime is invariably present in 
soils that admit of cultivation,the quantity of lime naturally 
contained in them is often very small, and especially too 
small for the vigorous growth of certain crops. Hence the 
addition of lime to soils of this description must obviously 
increase their fertility. It is on soils of this kind that 
the most striking effects of lime are displayed, especially 
when, as is not unfrequently the case, a soil contains in 
abundance all the materials required for the growth of 
plants, with the exception of lime. In these cases, the 
addition of lime is all that is necessary to transform a 
comparatively barren soil into one of superior quality. 
To a less extent, the use of lime on ordinary soils is 
generally attended by good effects ; and even on lime soils, 
that contain a large proportion of calcareous material, the 
use of lime of some other sort, or from some other district, 
is frequently beneficial. Hence we find that lime acts in 
the soil in several capacities. 

It not only acts as a direct manure, by increasing the 
supply of a material necessary for the growth of nearly 
all plants, but it supplies us with one of the best means 
of altering the condition of substances already present in 
the soil, either by destroying or modifying substances that 
are objectionable and noxious, or by the conversion of 
indifferent bodies into useful fertilizing materials. For 
instance, a soil whose fertility is impaired by an excessive 
quantity of vegetable matter, as a peaty or boggy soil, 
may be relieved of this encumbrance by a copious dose of 
quick-lime. We have already described the properties of 
lime, and it will be remembered that lime, like all alkaline 
er caustic substances, possesses the property of rotting 
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and destroying organic matter of every sort. Hence, on its 
addition to soils of this description, it quickly diminishes 
the quantity of insoluble vegetable remains. In speaking 
of the properties of humus, and other organic matters of 
the soil, we alluded to the well-known fact that vegetable 
remains, under peculiar circumstances, refuse to decay, 
and accumulate to an injurious extent. This kind of 
vegetable matter, popularly known as “sour humus,” is 
generally found in undrained, or but imperfectly drained 
land. To remove this sour humus, lime is generally 
employed, which, by acting upon the insoluble vegetable 
matter, hastens its decay, and is said to “sweeten” the 
land ; as by decay these materials furnish carbonic acid 
and other useful feeding materials for plants. The lime 
thus converts a noxious ingredient into a source of fertility. 
Again, in the case of soils that are infested with insects, 
a dose of lime is the least troublesome and most effective 
remedy. 

One of the most useful effects of lime seems to depend 
on the changes.it effects in the mineral constituents of 
the soil, as in the last-described operation of burning, the 
decomposition of the various minerals of the soil is 
accelerated, and silica, potash, and other useful food-con- 
stituents of plants set free. 

In considering the agricultural value of lime, we must 
not forget its mechanical effect on the soil. When applied 
in large quantities to clay lands, it opens and loosens the 
dense masses of clay, and imparts a certain amount of 
porosity and mellowness ; and by so doing opens the way 
to further improvement, by exposing a larger extent of 
surface to the action of the atmosphere. 

Thus we perceive the changes that can be brought 
about in the soil by the addition of lime are numerous 
and important, and in some measure account for the high 
value attached by some persons to this substance as a 


manure. 
The effects of lime in the soil, as above brnietly 
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enumerated, are most actively exhibited by lime in a 
caustic or freshly-burned state; but also in a less degree 
by lime in other conditions. Whenever practicable, it is 
advisable to apply the lime in the state of hydrate, or as 
slaked lime. We have already described the chemical 
properties of lime, and the changes it undergoes by 
burning and slaking. It will be remembered that one of 
the effects of these operations is to reduce the lime to a fine 
state of division, so that, apart from the superior chemical 
effects of slaked lime, by using it in this condition we gain 
a further advantage, from its peculiar mechanical form, 
which admits of intimate admixture with the soil, and 
thus secures the fullest effect that lime is capable of 
imparting. In using lime in this condition, the lime is 
generally brought to the field in a caustic or hot state, 
and put up in small heaps, loosely covered with earth. 
In the course of two or three weeks the lime is completely 
slaked and falls to powder, which can now be easily spread 
over the land. 

The quantity of lime applied to the land in this 
manner will, of course, vary with the purpose it is in- 
tended to serve. If the lime is employed for a special 
object, as, for instance, to remove the excess of organic 
matter from old pastures when broken up, a copious 
dose of lime will be necessary ; but where the soil has 
become deficient in lime, and an additional quantity is 
added, to act as a direct manure, a much smaller quantity 
suffices. Much difference of opinion exists amongst 
practical men as to the best system of liming the land. 
While some persons recommend a large dose at long 
intervals, other persons think it better to use a smaller 
quantity more frequently. Theoretically, we should think 
that, provided no reasons exist to the contrary, small 
doses at short periods would be the better system for 
obtaining the fullest effect of lime; since it.is well 
known that everything applied to the land exhibits a 
tendency to sink in the ground, and bury itself beyond 
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the reach of the plants. The following table exhibits the 
quantities of lime applied in different districts :— 


QUANTITY OF LIME APPLIED PER IMPERIAL ACRE 
IN DIFFERENT DISTRICTS. 


Bushels. Years. ene an When applied. 
SRORDUPED 2.06 0,0. -1 200 every 19 or 103 To the fallows 
Ayr (Kyle)........ 40», 5 5, 8 _ Ditto, ditto or lea 
Carse of Stirling.... 50  ,, on ayn 9 ditto 
south Durham.... 90 ,, 12 ,, 84 ditto 
Worcester “a clvpisn/ee 70 ,,60r8,, 10 Before grasses & tares 


It is found in practice that different sorts of lime act 
very differently when applied to the soil ; in other words, 
the lime produced from one kind of limestone will 
be found to produce superior effects to that made of some 
other sort of limestone rock, although, perhaps, this latter 
contains quite as much real lime as the former. Hence it 
is clear that the increased fertility following the applica- 
tion of lime to the land is not always entirely due to the 
real lime it contains. Moreover, the fact above referred 
to—yiz., that on certain soils resting on limestone forma- 
tions, and containing abundance of lime, the addition of 
lime of some other sort is often highly beneficial—compels 
us to seek for some other explanation than that afforded 
by the known effects of real or pure lime. 

We must bear in mind that the lime produced from 
any natural source is not, chemically speaking, pure lime, 
but a mixture of pure lime with certain foreign matters 
in greater or less abundance. These foreign substances 
are found to materially influence the effects of a particular 
kind of lime, and often account for its superior or inferior 
quality. Of these impurities of limestones the more 
common are sand, oxide of iron and alumina, magnesia, 
&c., which to some extent affect the value of the lime 
made from it ; but the agricultural value of limestone is 
chiefly regulated by other materials, generally present in 
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much smaller quantities ; indeed, in quantities so small,” 
that until comparatively lately they were altogether over- 
looked.. Amongst these we may mention phosphoric 
acid, sulphuric acid, the alkalies potash and soda, &c. As 
these substances are all valuable fertilizing materials, we 
can no longer wonder that a limestone containing small 
yet appreciable quantities of them should produce a lime 
that exercises a better effect on the soil than a purer kind 
of lime free of these materials ; and it must be remem- 
bered, that although the quantity of these more precious 
substances is small compared with the bulk of lime 
employed, yet, as large quantities of lime are often added 
to the land, the absolute quantity of the above-named 
fertilizing materials will be considerable, and often equal 
to that contained in a dressing of farmyard manure. 
We annex some analyses of two or three well-known 
varieties of agricultural limestones. 


COMPOSITION OF LIMESTONES USED FOR 
AGRICULTURAL PURPOSES. 


ann : 
Crea Olteor ora, Mountain 
Carbonate of lime............ 95° 34 89°19 96°35 
Magnesia ..... PE. ee TO 77 2°28 
Oxide of iron and alumina cieys RL 2°98 67 
Phosphoric acid.........:.... 12 18 _— 
Equal to bone earth........ (‘26) (:36) — 
Sulphate of lime or gypsum....  °20 “24 _ 
MOLDS TSIICR Seis oeeinic seman e 1:01 1°23) d 
Insoluble sand, &c. ....-.-.0- 118 5-41 J 70 


100:°00 10000 100-00 


In using lime as a manure, it must not be supposed that 
other manures can therefore be dispensed with. Lime is a 
special manure, and performs in the soil an office of its 
own sufficiently important to entitle it to a high place 
amongst manures ; at the same time, it ought never to be 
used in place of farmyard manure. It is quite true that 
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on certain fertile soils the addition of lime without any 
other manure is all that is necessary to insure abundant 
crops; and from this fact we might naturally infer, as 
many farmers have inferred, that lime is a substitute for 
other manures. But this is a grievous error. Lime, by 
its stimulating effect on the soil, will for a time replace 
manure, by exciting the soil to supply sufficient material 
for the growth of several successive crops; but this supply 
is effected at the expense of the strength of the soil ; it is 
drawing upon its capital, and must sooner or later feel 
the effects of this undue exhaustion. 

On the other hand, the opinion entertained by some 
farmers of the exhaustive effects of lime in all cases, and 
that therefore it ought not to be employed, is equally 
erroneous. The fact is, no ill effects are likely to follow 
the use of lime, provided other kinds of manure are sup- 
plied in proportion : it is' from neglect of this principle 
that most of the failures experienced in the use of lime 
are to be attributed. Lime ought never to be applied at 
the same time with other manures ; it is advisable to put 
off the application of other manures as long as possible to 
land that has been recently imed. This precaution is the 
more necessary in the case of manures that contain com- 
binations of ammonia; since,as we have seen, lime liberates 
ammonia with the greatest ease from all its combinations. 
Hence the simultaneous application of lime and farmyard 
manure would probably be attended with a considerable 
loss of fertilizing material. No fear of loss need be enter- 
tained from this property of lime after it has been exposed 
in the soil for two or three months, as by this time all the 
caustic lime will have become carbonate of lime, and have 
lost its more active properties. 


Marl, Chath, Shell-sand, &c. 
It is not always expedient nor practicable to apply lime 
to the soil in a caustic or burned state: in these cases 
other forms of lime must be resorted to ; as marl, chalk, 
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shell-sand, and even limestone rock. All these materials act 
in a similar manner as burned lime, but in a less vigorous 
degree, and at a much slower rate. Moreover, these sub- 
stances are found to vary in composition, and consequently 
in their agricultural value, even more than limestones. 
Marls especially are found of all degrees of fitness for use 
as manures, some of them being particularly rich in fer- 
tilizing materials. The mechanical form and condition of 
marls greatly add to their value as means of improving 
the soil ; but as the number and varieties of calcareous 
mixtures, locally called marls, are very great, it is quite 
impossible for us to enter into any details respecting them. 
The value of all these materials, apart from depending 
on the lime they contain, will generally depend on the 
proportion of phosphoric acid, the alkalies, and other 
essential mineral-food constituents of plants ; and, in 
conclusion, we may remark, that their agricultural value 
can in most cases be ascertained by a complete and 
rigorous chemical analysis. 


COMPOSITION OF A FEW CALCAREOUS MATERIALS 
USED IN AGRICULTURE. 


CHALK, Amarlof Shell Sand 
ooo the West of from 

cl ai abl Lower. Upper. England. Cornwall. 

ay and _ insoluble : j ‘ : 

MNATECI Re ouciencie sieiert \ a ie Agee tata 
Carbonate of lime .... 96°51 97°20 73°80 80°08 
Oxide of iron and alu- fe , 7 : 

MIMS sole seks e eis \ 55 106 78 168 
Magnesia . ig wise bs 25 06 82 3°17 
Phosphoric eid i icnagioes 07 04 © ds 23 
Sulphuric acid... ; 31 — 1°54 93 
Potash. wacatecuterre cute 08 “ale 
SOS jciismiet cients sae LS oat trace 31 


100°00 10000 100°00 100°00 
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Chemical Means of Improving the Land, 


Of the operations hitherto described, the greater num- 
ber are in most cases employed as preliminary steps to 
the more direct improvement of the soil by the applica- 
tion of manures ; and as the action of the various manures 
is essentially chemical, although a mechanical effect may 
in some cases be exerted in a minor degree, they may 
conveniently be considered under the above title, which 
also includes all those operations by which some essential 
change is effected in the composition of the soil ; some of 
these operations we are already acquainted with, as, for 
instance, liming, paring and burning, &c. There remains 
for our consideration a most important division of our 
subject ; viz.— 


The Application of Manures. 


The application of manures consists for the most part 
of putting back into the soil an equivalent for what has 
been taken from it in the shape of cultivated produce. 
But this is not all we can do by means of manures: we 
can also add more material, and other materials, than 
the soil already possesses ; and thus, by altering its con- 
stitution, endow it with new qualities and capabilities, 
so as greatly to increase its productiveness. If a soil is 
naturally deficient of some material required in the deve- 
lopment of a particular crop, this crop cannot be success- 
fully cultivated ; but if we add the requisite material, the 
soil will now be capable of producing the desired crop. 
It often happens that soils possessing most of the 
characters of fertility, are yet defective, from an insuffi- 
cient quantity of one or two essential constituents ; by 
adding these constituents, and thus increasing their pro- 
portion in the soil, the defect is at once overcome, and - 
the quality of the land greatly improved. 

Amongst the soils usually met with, few of them can 
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be called complete soils, or are capable of producing 
several kinds of crops with equal degrees of vigour and 
abundance; in most cases, the soil is naturally best fitted 
for the growth of a particular family of plants, which is 
often indicated by the wild plants that flourish upon it. 
This unequal capability of soils is dependent on the pro- 
portions of their constituents; and, generally speaking, the 
species of plants that most delight to grow on a particular 
kind of soil contain mineral constituents whose relative 
abundance corresponds with that of the constituents of 
the soil in which they are found to flourish, and which . 
we may therefore fairly conclude is most favourable to 
their growth. 
For this reason, each kind of soil commonly met with 
favours the growth of a particular crop, or is better 
adapted for raising one kind of produce than another. 
For instance, clay soils will produce abundant crops of 
wheat, while they are scarcely capable of yielding a good 
crop of turnips; turnips, again, will flourish in lighter 
soils, that are unsuited for wheat ; while lime soils are 
particularly favourable to the growth of leguminous 
plants ; as clover, pease, &c. A complete soil, on the con- 
trary, is one that will produce with almost equal luxuri- 
ance every kind of cultivated crop. In a soil of this 
kind the constituents are so proportioned that neither of 
them abounds to so great an extent as to interfere with 
the vigorous growth of any kind of plant, while, at the 
same time, every material required by each cultivated 
plant is present in sufficient quantity to admit of its 
luxuriant growth. A soil of this description may be 
called a perfect one ; and were all soils of this character, 
the farmer might raise his corn and rear his cattle with 
as much ease as some persons ignorant of agricultural 
pursuits seem to imagine. But, as most of us know, 
soils of this kind are seldom met with in practice ; the 
characters of the soils usually cultivated by farmers, are 
in most cases remote from these qualities, and require 
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careful management to raise from them sufficient produce 
to pay expenses of cultivation. It is, however, the object 
of an advanced system of agriculture to alter and im- 
prove these defective soils, to extend their capabilities, 
and increase their productiveness. This can only be 
accomplished by perseverance in the employment of 
suitable mechanical means of improvement, and in the 
jadicious application of manures. 

In theory, we may convert any defective soil into a 
fertile and complete one by the addition, in proper quan- 
tities, of those materials it is deficient in; and, on a small 
seale, we may carry out this theory in practice.’ For 
instance, we may make a garden on any kind of soil, and, 
by the addition of proper materials, soon prepare a fertile 
mould, capable of producing in luxuriance every kind of 
plant of whose growth the climate will permit. But in 
practice on a large scale, as on the land of our farms, the 
ease is very different. The alteration we can effect in 
the character of the land in this manner is limited by 
considerations of £. s. d.; the question in these cases is, 
not what can be done, but what can be done to pay. 
The extent of soil in our fields being so vast, tons of 
material being required to produce the least appreciable 
change in the composition of the soil, alteration to the 
same extent as in the case above referred to becomes 
wholly impracticable. At the same time we must re- 
member that, by a prolonged course of skilful cultiva- 
tion, immense improvement may be effected, and has 
been effected, in several parts of this country. 

Since the term Manure, in the sense usually understood, 
includes a great number of different substances, most dis~ 
similar in their properties and the effects they exercise 
-on the land, it will be proper to adopt some system of 
classification, in considering this most important division 
of Agricultural Chemistry. Farmyard manure, super- 
phosphate of lime, soot, lime, marl, &c., are all callea 
manures ; yet the effects ne these substances severally 
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exercise on the soil are widely different,—the only pro- 
perty they possess in common being, that they are all 
more or less useful in promoting the growth of plants. 
We will consider these materials under two heads :—1st. 
Those substances provided by Nature as manures. These 
will chiefly consist of the solid and fluid excrements of 
animals, or a mixture of these with vegetable substances, 
as used in farmyard manure. 2nd. All those materials 
known as artificial manures ; as bone-dust, superphosphate 
of lime, guano, nitrate of soda, &c. Amongst these we shall 
also include refuse material; as wool-refuse, gas-liquor, © 
sugar-refuse, &c. Manures may further be divided into 
two classes,—Ist, those called general manures, which add 
tothe general fertility of the land, as farmyard dung, and 
other mixtures ; and 2nd, those manures which act only 
ou particular crops, or are used to perform some special 
purpose in the soil. Hence they are called special 
manures ; as bone-dust, gypsum, nitrate of soda, sulphate 
of ammonia, &e. 

It will be well to begin with farmyard manure, since 
this inaterial unquestionably holds the first rank amongst 
all kinds of manures. 


Larmyard Manure. 


From the earliest periods of the history of agriculture 
to the present time, the material most employed for 
imparting fertility to the land, has been the mixture of 
the solid and liquid excrements of domestic animals and 
warious kinds of litter, known as “muck” or “dung ;” 
and even at the present time, when the art of tilling the 
soil has attained a high degree of excellence, and involves 
the use of numerous artificial manures,—of whose powers 
exaggerated notions are frequently entertained by un- 
initiated persons,—the old-fashioned and bulky material 
—dung still occupies the first place amongst manures. 
This must necessarily be the case, because farmyard 
manure is the natural source, and the most economical 
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one, on which the farmer can rely for sustaining the 
fertility of his land. 

In speaking of the products of vegetable growth, we 
remarked that the food of animals consists of mixtures 
ot the vegetable principles called woody fibre, starch, 
sugar, gluten, and other compounds, prepared by plants 
for the nourishment of animals; and that when these 
mixtures are received into the bodies of animals, some 
of the above compounds they contain are consumed in the 
lungs to produce.the requisite animal heat, and are hence 
called “ heat-giving ” principles ; while a lesser and choicer 
portion is disposed of in building up and renewing the 
muscles and sinews exhausted by exercise and labour. 
Hence, these compounds are included under the general 
term of “ flesh-forming” materials. When the compounds 
of this latter kind have performed their appointed office, 
—have taken their share in supporting the functions of 
animal life,—they are in their turn dismissed from the 
position they had occupied in the animal frame, and now 
seek to return to the condition they occupied before 
being manufactured by the plant. In other words, the 
flesh-forming materials of the food having become part of 
the flesh of the animal, are again removed (in consequence 
of the unceasing process of decay and renewal common 
to all grades of animal life), and finally are expelled from 
the system in the solid and liquid excrements. These 
substances consist of the same ultimate constituents as 
the food from which they have been formed, but dif- 
ferently arranged, or, generally speaking, merely grouped 
together in simpler combinations or smaller parties. 
The solid excrements also contain the undigested portions 
of the food with other solids, that can be removed from 
_ the system by no other means. So far from this matter 
being repulsive, as imagined by some fastidious persons, 
it displays to us, when viewed philosophically, the beauti- 
ful circle of operations necessary to the existence of animal 
and vegetable lite. 
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Thus we may conclude that all the materials of the 
food consumed by an animal are again returned either to 
the atmosphere through its lungs, in the breath, or, with 
the exception of a small quantity carried off by the 
skin, to the earth, in the shape of the solid and fluid 
excrements. 

The urine of animals is by far the more valuable portion 
of their excrements. It contains the greater portion of 
the nitrogen originally present in their food. It will be 
remembered that the nourishing power of food is in a 
great measure dependent on the amount of nitrogen it 
contains. This is because the nitrogen is the more 
essential constituent of the nourishing principles of food. 
The same standard can be applied to a large class of 
manuring substances. In these cases the value of the 
manure, or the food of the plant, is also dependent on the 
amount of nitrogen it contains ; because, by decaying in 
the soil, all this nitrogen will be converted into ammonia 
—a substance, it will be remembered, that is one of the’ 
most valuable feeding materials for plants. For this 
reason the urine of animals is a most valuable manuring 
substance, far more valuable than the solid excrements, 
which contain much less nitrogen. On the same principle 
that we are too often regardless of the pernicious sub- 
stances we may inhale with our breath, because they are 
invisible, so, in a less degree, we think less of the fluid 
manure at our disposal, because it presents so much less 
to our sight than the more bulky, but far less valuable, 
solid dung. very care should be taken by the farmer to 
preserve the urine of his cattle from waste, since, in 
addition to the valuable properties it possesses, in virtue 
of the nitrogen it contains, other materials, highly valuable - 
as fertilizing agents, are present. The nitrogen present 
in urine exists in several different combinations, called by 
chemists urea, uric acid, hippuric acid, &. ; but these 
compounds are all so far alike, that by spontaneous decay 
all the nitrogen they contain separates in the form of 
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ammonia, which escapes into the air, unless measures be 
taken to prevent its doing so. Itis from this source 
that the ammonia always present in the atmosphere ot 
stables, as noticed in a former chapter, is derived. The 
urine of the horses that is not absorbed by the litter, is 
quickly decomposed, and evolves free ammonia, or, to 
speak more correctly, carbonate of ammonia. Of course, 
the ammonia, liberated in this manner, is at the expense 
of the manure produced in stables ; and although a con- 
siderable proportion of this ammonia may be recovered 
by the means noticed in speaking of the properties of 
ammonia, yet, however efficient these means may be, a 
portion of it will always escape and be lost. This is one, 
amongst other reasons, why the manure produced by 
feeding cattle in boxes is superior to that prepared in 
any other way. By this system the urine is completely 
retained in the litter, and little of it wasted either by 
drainage or separation into volatile ammonia. As we shall 
presently learn, the ammonia produced by the decom- 
position of urine does not escape when this decomposition 
proceeds in the substance of a mass of solid manure and 
litter, as in a dung-heap. It is only when exposed alone 
in its fluid condition that its fermentation is attended by 
any considerable loss of ammonia. In addition to the 
compounds of nitrogen above described, which all yield 
by decomposition the valuable ammonia, other com- 
pounds of mineral origin, and nearly as valuable, are 
also present in urine. ‘The properties of phosphorus and 
its combinations, as fertilizing materials, have already 
been noticed; and it was remarked, that the value of these 
compounds is the greater when they occur in a form that 
is soluble in water. In urine a large proportion of these 
soluble compounds of phosphorus exists. Hence, on this 
account alone, it should be highly prized as a manuring 
material. Again, potash, with other mineral substances 
of more or less fertilizing value, are also present in con- 
siderable proportion. In urine these solids are dissolved 
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in a large quantity of water, and for this reason cannot 
be recognized by our unaided senses. In order that an 
idea may be formed of the composition of urine, we sub- 
join an analysis of the urine of the more common domestic 
animals. 


APPROXIMATE COMPOSITION OF THE URINE 


OF THE 
Horse. Cow. Sheep. Pig. 
iia teraertsecslaremigis.cie eels witusle I Sq RN AR les 35 HKD 


Organic matter, urea, uric \ 80 60 99 15 
UCLA OUC EM tev ce crete ite es as gi 
Containing nitrogen, ca- 
pable of yielding of am-> (167) .. (9) .. (17) .. (4) 
HNO, Go ggdrndce sou 
Inorganic matter, salts of | 
potash, soda, &c. ae 
Containing — phosphoric \ 
AGC! Coan unoonacc0 as 


30 kbs x20 dae MESO eentO 
(1:20)... (7) oe (48) .- (1°25) 


1000 1000 1000 1000 


By the above analysis it will be seen that the composition 
of the urine of different animals varies exceedingly ; at the 
same time, it must be understood that the composition of 
the urine of animals of the same kind is by no means 
constant, being subject to variation from a number of 
causes ; as for instance, from age, sex, the quality and 
quantity of food consumed, condition of the animals, &e. : 
the above results may, however, be accepted as fair ap- 
proximations to the average composition of the urine of 
each of the species of animals named. 

The solid excrements consist of those portions of the 
food unfit for assimilation ; consisting for the most part of 
woody fibre, as well as of other insoluble materials of the 
food that can only be removed from the system through 
this channel. The composition of the solid excrements 
of different kinds of animals varies to a still greater 
extent than that of the urine above described ; moreover, 
the mechanical form of these substances materially in- 
fluences their agricultural value, as it is on this circum- 
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stance that the facility with which they undergo decay 
chiefly depends, and consequently that regulates their 
fitness for particular purposes. The average composition 
of the solid excrements of our domestic animals may be 
thus stated :— 


APPROXIMATE COMPOSITION OF THE SOLID 
EXCREMENTS OF THE 
Horse. Cov. Sheep. Pig. 
BaUbe rari Tore g.ainis, shone eres S60) ave S200. f OSO) © ..2) 800 
Organic matter, woody por- 
tions of food, and other 
insoluble matter...... 
Containing nitrogen, ca- 
pable of yielding of am- 
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ing of insoluble salts of 
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Of these materials, in a fresh condition, but a small 
proportion is soluble in water ; for this reason they are 
less valuable than the liquid urine. Again, they contain 
less nitrogen that can yield ammonia, and the more 
valuable mineral fertilizing elements are not so abundant 
asin urine. By exposure to the air and moisture, these 
substances also enter into putrefaction, and liberate the 
nitrogen they contain as ammonia ; at the same time, these 
insoluble constituents are rendered soluble, and conse- 
quently more valuable as manuring agents ; hence these 
substances become more valuable after fermentation or 
incipient decay, provided this fermentation takes place in 
a manner that prevents the escape of the ammonia 
liberated during the process. We also find in the solid 
excrements substances that are absent, or nearly so, in 
the urine,—as for instance, lime, magnesia, silica, &c. ; and 
as these substances, like the more valuable phosphoric 
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acid, ammonia, &c., must be regarded as indispensable for 
the healthy growth of plants, we perceive that the 
solid and liquid excrements of animals are best adapted 
and evidently intended to be used together as a manure— 
the one substance containing what is deficient in the 
other, while together they contain every material re- 
quired for the growth of plants. When both of these 
substances are present, distributed through a porous 
mass of vegetable material, as straw or litter, they con- 
stitute the mixture known as farmyard manure,—the 
most complete, most valuable, and only perfect manure. 
Whatever assistance the farmer may derive from the use 
of artificial manures, he should rely only on his farmyard 
manure for supporting the fertility of his land ; since this 
substance only can return to the land ald the materials 
removed from it by cultivation. From the number of 
its constituents, the naturally favourable arrangement ot 
these constituents, and the peculiar mechanical condition 
in which they occur, and its low price, we are justified in 
considering farmyard manure as the most valuable of all 
fertilizing materials, and superior to any artificial mix- 
ture that we can obtain at the same cost. Persons un- 
acquainted with Agricultural Chemistry or with practical 
farming, are apt to form extravagant notions of the 
power. of artificial manures ; théy seem to think that 
by the use of a small quantity of odorless, cleanly, dry 
powder, the more bulky and, to them, offensive farm- 
yard manure may be dispensed with. It need scarcely 
be said that such is not the case ;—no amount of artificial 
manures, however skilfully mixed and prepared, can ever 
imitate farmyard manure, or be used in its place. At 
the same time, it must be recollected that in the hands 
of skilful farmers, artificial manures are valuable, nay, 
at the present time, indispensable additions to farmyard 
manure for the growth of certain crops ; but in all cases, 
as before observed, these substances will be of minor 
consideration, and the chief resource on which the farmer 
must depend for the growth of his crops and the rearing 
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of his cattle will be farmyard manure, or, to call it by its 
old English name, dung. 

In the production and management of this important 
material, great errors are often made, and corresponding 
losses incurred by farmers. Many men thoroughly 
practical in other respects, do not understand the man- 
agement of farmyard manure, and have yet something 
to learn in this department of agriculture. That this 
matter should not be properly understood, is not sur- 
prising when we learn that the management of dung 
depends upon certain chemical principles only recently 
made out. Until quite lately, little was known concerning 
the changes farmyard manure undergoes during ferment- 
ation, and still iess of the relative merits of the different 
modes in use for the production of this important 
material. ‘ 

This matter is now thoroughly explained, and the 
chemical changes involved in the operations clearly made 
out ; while the extent to which these changes are regu- 
lated in different systems of management has been 
rigorously determined. 

This important investigation has been lately completed 
by Dr. Voelcker, and the results have been published by 
him in a recent volume of the Jowrnal of the Royal 
Agricultural Society. This investigation, carried out by 
means of practical experiments on a large scale, as well 
as by the more delicate operations of refined chemical 
analysis, will no doubt confer great benefit on the agri- 
cultural community, and cannot fail to be duly appre- 
ciated by every one who is interested in the progress of 
agriculture. 

In the carrying out of this investigation in the labora- 
tory of the Royal Agricultural College, I enjoy the honour 
of having contributed a humble part, and am therefore in 
a position to speak confidently and from personal expe- 
rience on the facts adduced in the following description 
of the changes farmyard manure undergoes by keeping ; 
and it is hoped that this description may not be unworthy 
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of the attention of practical men, who may, we think, 
gather from it hints that will be of service to them in the 
treatment of farmyard manure. 

Farmyard manure, consisting of the solid and liquid 
excrements of horses, cows, and pigs, mixed with the straw 
used as litter, is found to be a mixture of most uncertain 
composition. This absence of uniformity arises from the 
fact that this material is exposed to variation from many 
sources, the more prominent of which may be thus enume- 
rated :—1. The quantity and quality of the food supplied 
to the animals that produce it. 2. The relative number 
of animals of one species that take part in its production. 
3. The age of these animals. 4. Their breed and condi- 
tion. 5. The quantity and quality of straw used in the 
manufacture of the manure. On account of these cir- 
cumstances scarcely two samples of farmyard manure can 
be found alike, yet on any one farm where a particular 
system of feeding and management is followed, the manure 
produced will be tolerably uniform ; and all samples of 
farmyard manure, wherever and however produced, are so 
far alike that the following general remarks will apply 
with equal force to all. An average sample of fresh farm- 
yard manure, or long dung, was found to consist of,— 


GENERAL COMPOSITION OF FRESH LONG DUNG 
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Or, to be more precise, in 1001b. of the material were 

found,— 

COMPOSITION OF FRESH FARMYARD MANURE (COM- 
POSED OF HORSE, PIG, AND COW DUNG, ABOUT 
FOURTEEN DAYS OLD). 


Detailed Composition of Manure in Natural State. 
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By an examination of the foregoing analysis we learn 
that fresh farmyard manure contains all the materials 
required for the growth of plants. Organic matter is 
present to supply carbonic acid and ammonia, also mineral 
substances of every description that are in any way con- 
nected with vegetation ; phosphoric acid, potash, lime, 
soda, silica, all are present. It is chiefly for this reason 
that farmyard manure merits the title of the only com- 
plete manure. Yet by other qualities its claims to this 
distinction are still further supported, the principal of 
these being its peculiar mechanical form, the porous, 
bulky condition in which it usually occurs. As this quality 
is more prominent in fresh farmyard manure, recent dung 
is generally to be preferred for application to heavy clay 
land, where every means of loosening the soil is to be 
eagerly sought for. When applied in a fresh condition in 
Autumn to soils of this description, it greatly assists the 
action of frost in mellowing and loosening their mechanical 
texture. 

By the above analysis we also perceive that of the 
numerous substances which enter into the composition of 
fresh farmyard manure, but few are soluble in water, 
the greater number being insoluble in water. We also 
notice that in many instances the same substance is 
present both in a soluble and insoluble condition. 

As we are already aware, a substance must become 
soluble in water before it can be received into the organ- 
ization of plants. In this manner we can account for the 
well-known fact that fresh farmyard manure seldom exerts 
any immediate effect in promoting the growth of plants. 
As we shall presently see, the principal transformation 
effected in dung by fermentation in masses or on decay in 
the soil, consists in rendering these insoluble matters 
soluble, in which condition only they are capable of 
exerting any beneficial action on plants. 

We now state the composition of well-rotted manure, 


+ 
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or short dung. An average sample, about six months old, 
was found to consist of:— 


COMPOSITION OF ROTTEN DUNG. 


Detailed Composition of Manure in a Natural State. 
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By this analysis we perceive that the constituents of 
well-rotted dung are the same as those of fresh ; the differ- 
ence between them being chiefly determined by the condi- 
tion in which these constituents exist. The most striking 
difference is in the larger proportion of soluble materials 
present in rotten dung, notwithstanding the large quan- 
tity of water it generally contains. On further comparing 
the composition of the two kinds of manure, we notice 
that this increased solubility is especially apparent in the 
more valuable nitrogenous compounds, or those materials 
that yield by decay ammonia. Again, a greater pro- 
portion of the precious phosphate of lime, or bone mate- 
rial, is present in a soluble state than in fresh dung. On 
acquaintance with these facts we can no longer wonder 
that well-rotted dung should be more immediately effec- 
tive in promoting the growth of plants than in a fresh 
condition, as we now perceive it contains a much larger 
quantity of both organic and mineral food of plants, in a 
state that can at once be appropriated by the growing 
plants. The dense and more compact condition of well- 
rotted manure also favours the rapid supply of its 
fertilizing constituents to the roots of plants ; since a 
larger quantity of it will be within the reach of the roots 
of plants at one period. For this reason well-rotted dung 
is always to be preferred for application to root crops. 
On the whole we may conclude that well-rotted farmyard 
manure is more valuable than the same weight of fresh. 
The next question to consider is, how much of a given 
weight of fresh manure is left after undergoing fermenta- 
tion and conversion into rotten dung; in other words, 
how much, and of what kind of material, is lost during 
the process of fermentation. 

It has before been stated, that when animal or vegetable 
substances are removed from the influence of organized 
life, they spontaneously ferment, putrefy, or decay. In 
these natural processes, the materials composing the 
organic matter undergo a series of changes, which 
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terminate in their reconversion to the simple fornis in 
which they originally existed, before they became part of 
the organized compounds. 

We have instanced decay and putrefaction asoperations 
analogous to combustion or the destruction of organic 
matter by fire ; in either case the ultimate products are 
the same, and the heat that accompanies either process is 
in direct proportion to the rapidity of chemical action. 
We may therefore regard the operations of fermentation 
and decay as processes of slow combustion ; the only real 
difference between them and combustion being one of 
time: the ultimate products in each case are the same. 
It has also been remarked that the readiness with which 
organic substances enter into decay is generally regulated 
by the number of materials of which they are composed. 
The more intricate their composition, the sooner they 
show symptoms of decay. These preliminary remarks are 
necessary in order that we may understand the changes 
that take place during the fermentation of farmyard 
manure. 

In the mixture of animal and vegetable compounds 
that we call farmyard manure, circumstances are generally 
favourable for inducing the early stages of decay com- 
monly called fermentation, or more properly putrefaction. 
The complex materials of the urine are diffused through 
a moist, porous mass of substances exposing a large sur- 
face to the inclosed air. It is these compounds belong- 
ing to the urine that first enter into putrefaction, and, 
in virtue of their property before adverted to, of exciting 
a tendency to change in other more permanent com- 
pounds, fermentation soon becomes general through the 
mass. 

This fermentation is the more active the warmer 
the weather, heat being in every case conducive to the 
alteration of organic matter : a certain amount of moisture 
1s algo necessary to the healthy fermentation of dung. If 
the manure is too dry, the operation is retarded ; while, 
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by an excessive quantity of water, as when manure is 
allowed to soak in wet weather in yards, the process is 
entirely stopped. Under favourable circumstances, the 
fermentation of manure will steadily proceed until it 
assumes the compact form and dark colour of well-rotted 
or short dung. 

During this process the manure is found to shrink 
much in bulk and lose a great deal of its weight. The 
questions naturally occur to us—of what does this loss 
consist ? and what becomes of it? In describing the 
destruction of organic matters by fire, it has been said — 
that the greater portion of their substance passes off in 
the shape of carbonic acid gas and water ; while the 
smaller quantity of nitrogen they contain is liberated ‘in 
the shape of ammonia ; and the ash or the mineral sub- 
stances are left behind. The same remarks apply to the 
slower process of decay, the early stages of which we call 
fermentation or putrefaction. 

During the fermentation of manure, a portion of the 
woody fibre of the straw and other non-nitrogenous 
compounds, are converted into carbonic acid and water, 
which fly off, while the larger portion of these materials 
is changed into the black porous substance hums, 
before described as forming a part of the soil. This sub- 
stance, or, to speak more correctly, mixture of substances, 
is always formed when organic matters suffer destruction 
by decay ; aud, as we shall presently learn, it performs 
an important part in the fermentation of farmyard 
manure. The dark colour of well-rotted dung is due to 
the presence of these compounds. 

A great portion of the nitrogen contained in the 
nitrogenous compounds of the fresh manure is liberated 
in the form of ammonia,—the volatile gas so often referred 
to as one of the most useful of fertilizg materials. One 
would naturally imagine that this substance, being vola- 
tile, would escape from the dung-heap during fermenta- 
tion, A portion of it does escape, as may be proved by 
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a simple experiment ; * but the quantity of ammonia that 
escapes in this manner is exceedingly minute. The out- 
ery often raised about the wasteful loss of ammonia by 
the fermentation of farmyard manure, and the necessity 
of employing chemical means for avoiding this loss, is 
based upon the supposition that a// the ammonia liberated 
from the nitrogenous compounds of the manure escapes 
into the atmosphere ; but this is not the case. When 
fermentation is properly conducted, and the heap left as 
much as possible to itself, the ammonia liberated in the 
interior of the heap does ot escape; or at least the 
quantity that does so—and that is sufficient to indicate 
the presence of ammonia by the test above named—is so 
small as to be altogether unworthy of notice in practice. 
However advisable it may be to employ chemical means 
for fixing the free ammonia given off by manure under 
particular circumstances, as in stables and in some other 
cases, nothing of the kind is requisite during the fer- 
mentation of dung-heaps. Nature provides means of fixing 
the ammonia simultaneously with its production. It is 
only in the hottest parts of the interior of the mass that 
ammonia is separated in a volatile state ; and this, in its 
passage towards the surface through the exterior and 
cooler portion of the heap, is intercepted and retained by 
the humic acid and other allied compounds above noticed, 
which, as we have seen, possess in a high degree the 
power of fixing ammonia. And as a further provision 
against loss of ammonia, another substance having a great 
attraction for it, called gypsum, is also formed from the 
sulphur present in the manure. 

The mineral constituents of the manure undergo no 


* Made by holding in the steam escaping from a fermenting 
dung-heap, a strip of moistened red test-paper. This paper is dyed 
with a colouring matter which becomes red or blue according as it is 
exposed to the action of acids and alkalies:—the fact of the red 
colour being turned to blue in this case, proves the presence of 
- ammonia, which is a strong alkali. - 
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Yess important changes during the process of fermentation. 
The chief of these changes consists in their being rendered 
more soluble in water ; and hence the fertilizing value is 
increased. The two more essential mineral constituents 
of plants are sulphur and phosphorus ; since one or both 
of these substances are required in the production of the 
4lesh-forming principles of food : these two bodies are also 
present. in the fresh excrements of animals, combined in 
certain organic compounds. By putrefaction these com- 
pounds are broken up ; and the sulphur and phosphorus, 
being liberated, again form new combinations ; amongst 
which are two gases called respectively phosphuretted and 
sulphuretted hydrogen. These gases, together with other 
more intricate volatile compounds, fly off and give rise 
to the peculiar smell of fermenting dung. Only a 
minute portion of the sulphur and phosphorus escapes in 
this way; the larger portion of them is found in the 
votted dung, in the shape of phosphoric and sulphuric 
«acids. 

During the fermentation of dung, the fluid portion 
sinks to the bottom of the mass, and drains away, while 
“af, as is generally the case, the heap is exposed to the 
“weather, every shower of rain that falls adds to this 
‘loss, by washing out of the manure much soluble matter ; 
zand since, by rotting, the manure becomes richer in these 
soluble materials, it is clear that unless some measures 
ave taken to preserve these drainings, great loss is 
incurred from this source. 

The above description of the changes fermented manure 
undergoes by keeping, applies to the early stages of decay 
dknown as fermentation, or more properly as putrefaction. 
‘When these periods are past, and the manure has 
‘become fully ripe, or has attained its maximum value, it 
should at once. be made use of, and added to the land ; 
since by longer keeping it becomes deteriorated, by under- 
going further changes, and soon becomes weakened and 
unable to retain all its fertilizing materials, 
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From the preceding description of the fermentation of 
farmyard manure, we gather the following facts :— 

1. That the loss of substance sustained by farmyard 
manure during fermentation is caused by some of its 
constituents escaping into the air in the shape of gases, 
and by other fluid portions that drain away. 

2. Those gases that escape into the atmosphere are 
comparatively of little value, since in most cases the 
plants to which the manure is afterwards applied will 
suffer but little deprivation from the absence of these 
volatile matters, which consist for the most part merely 
of water and carbonic acid gas. 

3. On the contrary, that portion lost by drainage is 
he most valuable portion of the manure, as it consists of 
ammonia, potash, phosphoric acid, and every other ma- 
terial valuable to cultivated plants. 

4. That ammonia, in any appreciable quantity, is not 
lost by escaping into the air, as is often supposed ; but 
that it is retained in the heap in combination with cer- 
tain organic acids, as humic acid, and other carbonaceous 
substances of the same kind, which are formed from the 
vegetable matter of the manure. That while this natural 
provision effectually prevents loss of ammonia by evapora- 
tion, no protection is afforded against loss by drainage-; 
since many of these compounds are soluble in water. 

5. That these natural means of fixing ammonia can 
only act when the fermentation proceeds undisturbed, so 
that the ammonia liberated in the interior and hotter 
portions of the mass may pass into the cooler and outer 
layers, where it can be retained ; for this reason, the 
turning of manure should be as much as possible avoided. 

6. When the active fermentation of manure has ceased, 
no loss of ammonia will now follow exposure by turning ; 
in fact, it may be spread over the land without fear of 
loss from this cause. 

Finally, manure, when properly rotted, should be at 
once used, since its value diminishes by further keeping. 
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From a consideration of the foregoing statements, we 
may arrive at the following general deductions, 

The use of farmyard manure in a fresh condition, or as 
well-rotted dung, will depend on the means at our dis- 
posal, and the kind of land to which we intend applying 
it. In the case of the soil being one of a heavy character, 
in which additional porosity and looseness will be advan- 
tageous, the best thing we can do when circumstances 
permit, is to apply the fresh dung at once to the 
land ; and if we cannot at once plough it in, spread 
it over the surface. In doing this, no fears need be 
entertained of loss of fertilizing materials; on the con- 
trary, by this means security from loss is almost insured, 
since in this disseminated state fermentation cannot pro- 
ceed, and everything separated by drainage is received 
into the soil, where it is securely preserved until required 
by the following crops. In the application of dung to the 
land, the absorbent property of clay must be remembered. 
In speaking of the constituents of the soil, we mentioned as 
one of the propertiesof clay, its power of retaining saline and 
other manuring substances, and preventing their removal 
from the soil by heavy rains. If our soil contains any 
moderate quantity of clay, we may avail ourselves of this 
property, and spread manure over our fields, and leave it 
in this state until we can conveniently plough it in, feeling 
assured that anything washed out of the manure by rain or 
dew will be stored up in the soil as safely as if the manure 
itself were buried. While in this condition, no ammonia 
or any other volatile matter of any value will escape. 

By at once adding manure in a fresh condition to our 
land, and afterwards ploughing it in, we secure all the 
vegetable matter which by fermentation is volatilized as 
carbonic acid gas. As before remarked, this loss in most 
cases is not worth caring about, because soils that have 
been under cultivation for any length of time generally 
contain enough organic matter of this description ; but on 
new ground,—land containing but little humus, it may 
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in some cases be advisable to avoid the loss of this vege- 
table matter. This can but be done by ploughing into 
the land the fresh or long dung. 

Tf the soil is not of a character to benefit by the 
mechanical effect of long dung,—or in cases where fresh 
dung is unfitted for the crop we intend to raise, as, for 
instance, a root crop,—it becomes necessary to ferment the 
manure before applying it to the land. This operation is 
best conducted in well-constructed waterproof pits, pro- 
vided with a sound tank for receiving the drainage. With 
this tank a pump should be connected, so that by suitable 
means the fluid drainings may from time to time be 
diffused throughout the fermenting manure. The question 
whether the manure-pit should be roofed in or not will 
depend on the character of the manure produced on the 
farm. If, as is the case in certain districts, an excessive 
quantity of straw has to be disposed of by conversion into 
manure, the manure will often be too dry to admit of a 
proper fermentation : hence exposure to rain will be bene- 
ficial. On the contrary, when litter is scarce, and the 
manure is naturally wet, all additional moisture from rain 
is to be carefully avoided. The most complete method of 
keeping manure seems to be in covered pits communicating 
with a. tank, whence the requisite moisture can be supplied 
trom the fluid drainings, and applied to the manure as re- 
quired. In the construction of all receptacles of manure, 
especial care should be taken that proper waterproot 
linings be used, to prevent loss by drainage. 

It has been shown that the loss incurred during the 
fefmentation of manure is chiefly from drainage ; for this 
reason manure-heaps should never be set up in situations 
where the drainings from them cannot be recovered. This 
fact cannot be too well remembered by practical men, 
who so frequently neglect taking any measures to avoid 
this source of loss, which is far more considerable than one 
would naturally suppose. No object is more common ir 
agricultural districts, than a manure-heap standing by the 
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side of a lane, or on a piece of waste ground, where no 
provision whatever exists for collecting the drainings. 
The rich black drainings trickle away to a neighbouring 
ditch or pool, and often raise a fine crop of weeds, whose 
seeds being carried to the surrounding fields, produce an 
uninvited crop, for the destruction of which a further oss 
in labour has to be endured. These drainings that flow 
from dung-heaps may, without exaggeration, be called the 
essence of the manure. After heavy rains, the quantity 
of valuable material wasted in this way is very great, and 
tor this reason too much care cannot be taken to preserve 
the fluid portion of manure; and if no means exist for 
keeping manure in pits, it should at once be carted to the 
field where it is intended to be used, and whenever 
practicable, at once spread over the land instead of setting 
it up in a heap at one corner of the field; but where this is 
unavoidable, the surrounding earth should be heaped up, 
to absorb as much as possible of the drainings. The 
quantity of fertilizing materials that sink into the ground 
around and under a dung-heap, is often pointed out to us 
by the increased luxuriance of the plants growing on the 
spot where, even some years before, a dung-heap stood. 
When manure is spread over the land, there is no necessity 
of immediately ploughing it in ; indeed, it is highly probable 
that, by not doing so, the soil is more evenly manured ; 
the soluble fertilizing materials contained in the manure 
are washed out by the rain, and distributed more uniformly 
throughout the substance of the soil, and, as before 
remarked, on soils that contain a fair proportion of clay, 
no anxiety need be felt for loss of manuring substances 
by this course of procedure. On the contrary, in sandy, 
light, or hungry soils, that possess very little retentive 
power, the manure should be added in a well-rotted 
condition, and not be applied sooner than is absolutely 
necessary ; since every shower of rain will carry off a 
portion of the manure intended for the crop. On soils of 
this description, the best system of manuring seems to be 
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the application of small but frequent doses. As before 
noticed, it is chiefly for this reason that the system of 
liquid manuring succeeds best in light lands. 

With regard. to the different systems of manufacturing 
manure by keeping the animals in boxes, stables, or 
yards, the first-named plan is undoubtedly the best for 
the production of manure, whatever objections of other 
kinds it may be open to. In box-feeding, the urine of 
the animals is better preserved and more intimately 
mixed with the solid excrements and litter, the whole 
being well incorporated and consolidated by the treading 
of the animal ; moreover, the mixture undergoes a gentle 
fermentation throughout its bulk, which greatly adds to 
its future value. In sheds and stables a considerable 
portion of the urine is often wasted from the absence of 
effective drainage ; and even where good drainage exists, 
and the urine preserved, the manure produced in this way 
is generally inferior to that made in boxes. 

The system of making manure in open yards is most 
wasteful and objectionable, particularly in cases where no 
drainage exists for collecting the fluid portions of the 
manure, or only that provided by nature. It is not un- 
common to see the drainage of a yard received by the 
pool that supplies the cattle with water, or rather the 
putrid liquid that had much better be called liquid 
manure. 

This system of making manure is objectionable in every. 
respect, perhaps chiefly on account of the facility it affords 
for the deteriorating influence of rain, wind, and snow. 
By these agents the manure produced is gradually ex- 
tracted of all valuable fertilizing materials it may contain, 
and soon becomes next to worthless. In an experiment 
made on a large scale in connection with the investigation 
before referred to, for ascertaining the relative merits of 
the different systems of preserving manure, it was found 
that manure spread in the usual manner over open yards 
exposed to the weather loses an enormous proportion of 
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its useful materials ; and, as might be expected, thie loss it 
sustains is the greater in those materials most useful to 
plants.* After twelve months’ exposure, it was found to 
_ contain but a trace of material that could furnish am- 
monia, and proportionately minute quantities of every 
other useful substance. Without entering into any 
details of this very interesting experiment, we may re- 
mark, that after twelve months’ exposure, two-thirds of 
the substance of the manure had been wasted, while the 
remaining portion was next to worthless, consisting for 
the most part of the woody matter of the straw used as 
hitter. 


» Artificial Manures. 


In order that we may clearly understand the nature of 
artificial manures, their several properties, and in what 
they differ from farmyard manure, let us for a moment 
depreciate farmyard manure, and point out its defects. 

We find that, in so far as the chemical value of this 
mixture is concerned, it depends chiefly on the presence 
of three or four essential materials, and that these mate- 
rials are distributed through a large bull of comparatively 
useless substance ; and is rendered additionally cumbrous 
by the large quantity of water it contains: in round 
numbers, two-thirds of the weight of farmyard manure 
are water. On learning these facts, the question naturally 
occurs to us, why cannot we prepare these essential mate- 
rials in a separate or concentrated form ? For instance, we 
learn that the most valuable constituent of farmyard 
manure is ammonia; but to get one pound of this 
substance, we must take 137 lb. of well-rotted farmyard 
manure. Again, phosphate of lime is a valuable con- 
stituent of dung ; but 100 1b. of dung contain only about 


* A large quantity of manure was kept in a yard, in the manner 
usually followed in this system of feeding, and was examined at 
regular intervals 
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1lb. of this substance. Why cannot ammonia or 
phosphate of lime at once be taken and added to the 
soil? In reply to these questions, it may be said that 
there is no reason whatever why we should not do this, 
if we can do it economically ; in fact, this is what we 
endeavour to do by making use of artificial manures. 
These substances may be regarded as the essential con- 
stituents of farmyard manure in a concentrated form. At 
the same time, it must be recollected that the less essen- 
tial materials of farmyard manure, as soluble silica, mag- 
nesia, lime, &c., although less precious than the rarer 
substances above named, are yet necessary for the healthy 
growth of plants ; and even if we were so disposed, it is 
doubtful whether any artificial mixture we could prepare 
in imitation of farmyard manure would act so well as this 
substance in the soil ; since the peculiar organic combina- 
tions of its constituents and the mechanical form of farm- 
yard manure would be deficient. 

It was in seeking replies to the above very natural 
questions, that the value of artificial manuring substances 
was discovered. As soon as scientific men had clearly 
made out what materials are required by plants for their 
growth, and in tracing the sources of these materials had 
pointed out which were the more valuable constituents of 
manure, the notion of adding these substances artificially 
was readily conceived. The practice of adding artificial 
manures was, however, to some extent adopted before the 
principles on which they acted were understood. It was 
found, in certain cases, that the addition of some one sub- 
stance to the land produced a better effect than could be 
obtained from farmyard manure. A striking example of 
the power of a special manure, and the unconscious adop- 
tion of ascientific principle, may be instanced in the pastures 
of certain parts of Cheshire. As is well known, these 
meadows, originally remarkable for their fertility, and the 
richness of the cheese produced in this district, by con- 
tinued pasturing became impaired, and began to show 
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symptoms of exhanstion which could not be removed by 
the manure usually applied. It was found that the ad- 
dition of bones to the soil produced the desired effect ; the 
grass regained its accustomed sweetness and cheese- 
producing qualities. This restoration of the weakened 
pasture by the use of bones can now be easily explained, 
and will be adverted to in describing the composition 
of bone-dust. 

In the same way, other substances have been found 
in practice to benefit certain crops, in a manner that 
could not be satisfactorily explained some years ago. 

The more common difference between artificial manures 
and farmyard manure is the smaller number of con- 
stituents the former substances contain. While farmyard 
manure is composed, as we have seen, of a large number 
of materials,—in fact, it contains all the fertilizing elements 
required in the growth of plants,—artificial manures, on 
the contrary, contain but a few—often but one or two— 
of these elements. 

A further difference may be thus stated: in farmyard 
manure the rarer and more precious fertilizing substances 
are scarce, and form but a small proportion of its bulk 
and weight, whereas, artificial manures (that is, of the 
better sort) consist, for the greater part, of some or all of 
these more essential substances. 

The two more important classes of artificial manures 
are called respectively ammoniacal, or nitrogenous manures, 
and phosphatic manures. The first class consists of those 
in which ammonia, or what is nearly the same thing, 
combined nitrogen, is the prevailing constituent. To 
this class belong guano, nitrate of soda, sulphate of am- 
monia, soot, gas liquor, and animal refuse manures. By 
means of these manures we can supply to plants any 
quantity of ammonia that seems desirable: they are 
chiefly used as top dressings, for urging the growth of 
corn crops in spring ; although, in smaller quantities, useful 
for other purposes. The second class—the phosphatic 
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manures—are those in which phosphoric acid is the chief 
ingredient, although other substances in less quantity 
are generally also present. Of these manures super- 
phosphate is the principal: bone-dust and certain sorts 
of guano also belong to this group. 

Since superphosphate is perhaps the most important of 
all phosphatic manures, we shall now do well to direct our 
attention to this substance, and, as a necessary pre- 
liminary step, to consider the composition of bones and 
other phosphatic materials ; of which, as most of our 
readers are aware, superphosphate is manufactured. 

Lone-dust.—The bones of animals differ from all other 
organic products by the large amount of mineral or 
earthy matter they contain. Organic matter of animal 
origin, like that of vegetable origin, generally contains 
but a small proportion of mineral substances, seldom 
more than two or three per cent. of its weight ; but in 
bones we find a much greater proportion of earthy 
matter. In fact, about two-thirds of the weight of bones 
consists of mineral salts; the remainder consists of 
animal matter, chiefly of the same description as that 
composing skin, gristle, &c., called gelatine, with varying 
quantities of fat. When bones are burned, this animal 
matter burns away ; the fat burns with flame like other 
non-nitrogenized compounds, while the gelatine is decom- 
posed and yields the nitrogen it contains in the form 
of ammonia. The mineral portion, or ash, left behind 
when all the combustible matter is burned away, con- 
sists chiefly of phosphoric acid combined with lime and 
magnesia, in a compound called bone-earth, with smaller 
quantities of carbonate of lime and in still smaller quan- 
tities, the alkalies potash and soda. 

The value of bones as a manure chiefly depends on the 
gelatine and the phosphoric acid they contain. The 
former substance, in common with all animal maiters 
except fat, yields, by decay in the soil, ammonia; while 
the phosphoric acid combired with lime end magnesia, 
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under the same treatment, is slowly dissolved by the 
moisture of the soil, and conveyed into the organism of 
the plant, there to perform the important functions 
allotted to it. 

The bone-dust supplied for agricultural purposes con- 
sists of the bones of oxen, sheep, horses, &c., crushed to 
fragments, according to the size of which they are called 
half-inch or quarter-inch bones ; and some of still smaller 
fragments. These bones have generally been deprived of 
their fat, and often of a considerable portion of their gela- 
tine ; and further, they always contain impurities in the - 
shape of sand and earthy matters, and often materials of 
vegetable origin. For these reasons, commercial bone- 
dust is a mixture of very uncertain composition, and con- 
sequently its agricultural value differs to a corresponding 
degree. The following analyses will convey a good idea 
of the composition of bone-dust of two or three qualities : 
the first and second samples consist of bone-dust of good 
quality, the small quantity of impurities being acci- 
dental :— 


GENERAL COMPOSITION OF COMMERCIAL BONES, 


Half-inch Quarter-inch Boiled 


Bones. Bones. Bones. 
Moisture ..... te en Le Oys 13:97 8°06 
Inorganic matter, gelatine, fats, &e. 30°12 33°39 25°45 
Phosphate of lime and mag- ; : : 

nesia (bone-earth) ........ 4 ai o8 60r48 

Carbonate of lime ............ 6°99 5°36 3°25 
eee ee, ee, Cae 
Sand and mineral matter ...... ALY 62 2°33 


100-00 100°00 10000 


Apart from the intrinsic value of various qualities of 
bone-dust, as depending on the amount of phosphoric acid 
and nitrogen they contain, much of their practical value 
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depends on the treatment they have reeeived at the hands 
of the dealers and collectors. 

In this country, where economy of material is in 
some trades (not including farming) carried to a degree 
of refinement undreamt of by uninitiated persons, 
bones in their raw state are too valuable to be at once 
delivered over to the farmer. They contain materials 
that can be more profitably disposed of. As the agricul- 
tural value of bone-dust thus depends on the previous 
treatment it has undergone, it will be well to enumerate 
the more common modes of treatment pursued towards 
commercial bones. 1. By boiling the bones in open 
coppers, the fat is extracted: this is removed by skim- 
ming, and sold for soap-making, &c. The bones, thus 
deprived of fat, are either at once supplied to farmers or 
are dealt with as in processes Nos. 2 and 3. Most of the 
bones supplied for agricultural purposes have been thus 
deprived of fat, and in this condition are superior to 
natural bones, because the fat that these always contain 
greatly retards their action in the soil. It is found that 
a piece of fresh bone buried under the surface of the 
soil undergoes little change, and for a length of time 
refuses to decay. This is explained by the fact that the 
fatty matter it contains diffused through its substance 
effectually excludes the air and moisture necessary to 
the decay of the gelatine or animal portion of the bone : 
for this reason fresh bones are, for a length of time at 
least, next to useless in the soil. 2. The bones, deprived 
of fat, are kept in a moist state in heaps for two or three 
months. Under these circumstances the bones heat or 
ferment, from the partial decomposition of the nitro- 
genous matter they contain. Much ammonia is produced, 
the greater portion of which is retained by the fat still 
remaining in the bones; a small quantity of this sub- 
stance always being left, even after prolonged boiling. 
By this process the bones become softer, can be more 
easily reduced to powder, and are altogether better suited 
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for use as manure. 3. Another system, followed in Man- 
chester and other districts where inferior sorts of cloth 
are manufactured, consists in further extracting the 
gelatine after the fat has been removed. This is accom- 
plished by boiling under pressure in closed vessels, when 
the gelatine is extracted, and by evaporation is converted 
into size. This impure size is used for giving stiffness or 
“body ” to the commoner sorts of woollen cloths. Bones 
that have undergone this process are of course less 
valuable for agricultural purposes, since, the greater part 
of the gelatine being removed, there will be but little — 
ammonia produced when the bones decay in the soil ; but 
as the phosphate of lime is still present, bones of this 
kind will do equally well for the farmer, provided he can 
obtain them at a proportionate price. 

The value of bones as a manure is chiefiy dependent 
on the large quantity of phosphoric acid, in the shape of 
phosphate of lime, they contain. It will be remembered 
that this substance is in most soils present only in small 
quantities ; and as it is required in the development of all 
cultivated crops, its artificial addition becomes necessary. 
This is most effectively done by the application of phos- 
phatic manures. A further effect of bones is exerted by the 
animal matter they contain. This, in decaying, gives rise 
to ammonia, which greatly assists the action of the phos- 
phate of lime. 

Bones are preferred to other more active phosphatic 
manures in cases where a gentle but continuous supply of 
phosphoric acid and ammonia is desirable. The effects 
of bones extend over several years, and are regulated 
by the state of division, or the size of the fragments of 
bones supplied. From the slow action of bones, they are 
well adapted for application to permanent pastures. We 
may now explain the matter adverted to in a preceding 
yage ; viz., the restoration of the fertility of meadow land 
oy the use of bones when ordinary farmyard manure is 
of no avail. In the case referred to, it is stated that per- 
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manent meadows had become partially exhausted from 
the continued grazing of cows, whose milk was disposed 
of inthe production of cheese. ‘ 

Jt is known that the curd of milk, of which cheese is 
manufactured, contains a small but definite amount of 
phosphorus and phosphoric acid. This substance cam 
only be supplied by the soil which produces the fodder 
that the cows are fed upon ; and as the greater part of this 
substance received by the cow will be disposed of in the 
secretion of its milk, but a small quantity only of thas 
contained in the food will be returned in the excrements. 
Hence, even if all the manure produced be returned to the 
land, the soil will still be robbed year after year of all that 
phosphoric acid contained in the cheese carried off the 
land, and however fertile or prolific in phosphoric acid a 
soil may naturally be, it must sooner or later feel the effects 
of this system, and show symptoms of exhaustion. As 
bones are remarkably rich in phosphoric acid, we can easily 
account for the renewed vigour of the soil consequent ow 
their addition. 

We thus perceive the necessity of adding bone-dust or 
other phosphatic manures to pasture land employed for 
the production of dairy produce. In all cases phosphoric 
acid of some sort must be supplied in addition to ordinary 
manure, to compensate for the quantities of this material 
carried away in the shape of milk, cheese, cattle, &c. 

Bones are much less employed now than formerly : for 
many purposes they have been superseded by the more 
effective “ superphosphate.” In many cases. however, a3 
for application to permanent pastures and to other crops 
on sandy soils, bones are still to be preferred. 

Superphosphate of Lime—The use of superphosphate 
_ may be regarded as an improved method of applying bone 
manure to the land. We have stated that the activity of 
bones in the soil is in direct proportion to the number of 
fragments into which the bone is broken up. We can 
easily understand that this should be the case. A com- 
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pound like phosphate of lime, that is almost insoluble in 
water, and but slightly soluble in water containing carbonic 
acid gas, will necessarily afford little opportunity for solu- 
tion if exposed to the solvent in a compact mass, as in a 
piece of bone. But if we break up this bone into small 
pieces before adding it to the soil, a greater surface is 

- exposed to the action of the water, and more of it dissolved 
in a given time ; and consequently a larger quantity of it 
is conveyed to the plants growing in this soil. By the 
use of superphosphate we produce this effect in a high 
degree. On converting bones into superphosphate and . 
now applying them to the land, they are separated into a 
multitude of particles infinitely smaller than can be pre- 
pared by any amount of grinding or other mechanical 
means. It is to this circumstance merely that the superior 
effect of superphosphate, as compared with bone-dust, in 
the soil is mainly due. 

An idea of the minute state of division in which the 
bone material is separated from superphosphate. when 
added to the soil, may be formed from the following simple 
yet interesting experiment. A small piece of bone is 
placed in a wine-glass, or any convenient receptacle, and 
covered with muriatic acid (the spirits of salts of the 
shops, before noticed), and left for two or three days ; by 
this time the bone will have become quite soft, owing to 
the extraction of its earthy or mineral portion, which is 
dissolved in the clear acid liquid. If we now add to 
some of this clear liquid a little hartshorn, or ammonia, 
or even common soda, a white, bulky, flocculent substance 
will separate. This is the earthy portion of the bone in a 
finely divided state : it may be regarded as bone material 
broken up by chemical means. The same substance may 
be obtained by adding a small quantity of any super- 
phosphate to water, allowing it to stand till clear, and 
testing this watery solution with ammonia, or soda, as in 
the former experiment. 

When bones moistened with water are mixed with 
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sulphuric acid, or oil of vitriol, much heat and steam with 
unpleasant-smelling gases are given off, while the bones 
for the most part dissolve, forming a creamy fluid. On 
standing, this mixture dries up and becomes solid, and if 
the process has been properly conducted, forms a friable, 
loose, moist gray powder. This powder is superphosphate 
of lime, an article at present manufactured in enormous 
quantities in this country. The essential difference be- 
tween this substance and the original bones is, that the 
superphosphate is for the most part soluble in water. The 
beauty of this process, however, lies in the fact that not 
only bones, but other combinations of phosphate of lime, 
otherwise useless, as the stones and rocky minerals before 
mentioned, can by this means be converted into super- 
phosphates. For this reason, minerals of this kind are 
eagerly sought for, and constantly being discovered. 
Thus we perceive, by the magic of Chemistry, useless 
stones are changed into fertilizing manures, and these 
again, by still greater magic, actually become part of our 
daily food. 

The chemical changes involved in the production of 
superphosphate, from bones or either of the above-men- 
tioned raw materials, may be thus explained :—In all 
these materials the phosphoric acid is combined with 
lime in the form of phosphate of lime, or bone-earth, as it 
is called. Now, it must be stated, that in all chemical 
decompositions the right of might prevails ; the stro1.ger 
substance, if so disposed, always driving out the weaker 
one. Thus, when we add sulphuric acid, or oil of vitriol 
(which is the strongest of all acids), to the combination of 
phosphoric acid and lime, called bone-earth, the weaker 
phosphoric acid is displaced, and the sulphuric acid takes 
its place, to form sulphate of lime, or plaster of Paris. 
But in practice, all the lime is not taken from the phos- 
phorie acid by oil of vitriol ; a part of the lime still 
remains, and forms, with the phosphoric acid, a new com- 
bination, called biphosphate, or soluble phosphate of 
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lime. This change will perhaps be better understood by 
a glance at the following plan of the operation :— 


Materials employed. Products. 


as it occurs in bones and mi- | Phosphoric acid ) Soluble or super- 
nerals, consists of three quan-) Lime ........ § phosphate of lime. 
tities of lime,andone quantity [rine A PSS OS > 


Insoluble phosphate of lime, f 
iP 
JL 


of phosphoric acid ; we may 
therefore represent it as.... 


Sulphuric acid ter of Paris. 


oilof vitriol, two of thesequan- 9 ¢) Ipburic acid | 


On adding sulphuric acid or } 
tities of lime are removed. [ 


From this we perceive that im the manure called super- 
phosphate of lime, there is a soluble combination of phos- 
phoric acid, on which its value chiefly depends, and a 
larger quantity of sulphate of lime obtained as a second- 
ary product. This latter substance is comparatively of 
little value as a manure. 

When phosphate of lime of mineral origin, as from any 
of the minerals above mentioned, is used in this manu- 
facture, the value of the resulting superphosphate is almost 
solely dependent on the amount of soluble phosphate of 
lime it contains. The same will be the case when the super- 
phosphate has been prepared from the substance techni- 
cally known as “bone-black,” or the refuse animal char- 
coal of sugar-refiners ; also that made of bone-ash, a 
material at present largely imported from South America 
for the manufacture of this manure. In all these cases 
the superphosphate produced is purely a phosphatic 
manure ; that is to say, its effects in the soil are en- 
tirely due to the phosphoric acid, and in much minor 
degree to the gypsum contained in superphosphate. But 
when bones are used in the manufacture, the resulting 
manure is rendered more valuable by the animal matter, 
—the gelatine of the bones. A part of this is trans 
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formed into ammonia, which, meeting with sulphuric acid, 
becomes sulphate of ammonia ; while of the remainder, a 
considerable portion is converted into a form soluble in 
water. 

In manutacturing this substance on a large scale, alk 
the insoluble phosphate of lime is not rendered soluble ;— 
a part of it always remains after the process, in its original 
state. The amount of this unchanged material left in the 
product depends on the quantity of sulphuric acid or 
oil of vitriol used in the process, and on the quality of the 
bones or other kind of phosphate employed. For these 
and other reasons, the material commonly called super- 
phosphate is a mixture of most uncertain quality, scarcely 
two samples ever being found alike. The general com- 
position of superphosphates, as well as the extent to which 
they differ from one another, may be learned from the 
following examples, selected from a great number 
analyzed in our laboratory at Cirencester :— 


COMPOSITION OF SUPERPHOSPHATE OF LIME. 


il 2, 3 


PiVietporecmaietae «chalets icitata ciate ate 20°53 14°40 0-91 
Organic matter) <te +2. + 26> 14°76 8:93 — 
Soluble phosphate of lime...... 10°31 3°60 25°70 
Equal to bone-earth ........ (16°09) (5°61) (40°11) 
Insoluble bone phosphate...... 17°72 6°83 6°68 
Hydrated sulphate of lime} 98-39 44:93 55°43 
(ZY PSHM) ia wtercheietetoreisrete' ots y 
LUSTY) EMEA SOME CODE Elina 2°52 96 
SHE) «Gren. caladiap ao ace Biogas arnt 6°73 19°50 2°3 
10000 100-00 100°00 
Per-centage of nitrogen........ *853 1°44 
Equal to ammonia.......... 1:065 175 


No. 1 may be accepted as an example of a good super- 
phosphate ; it contains about a third of its weight of 
phosphate of lime, one-half of which is rendered soluble 
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by acid. The other half of this phosphate of lime may 
be regarded as unchanged bone material, and, provided 
the manure has been made from pane this insoluble 
phosphate of lime will be of the same value in the soil as 
bone-dust ; but if, as often happens, mineral phosphate of 
lime has been used in the manufacture, this quantity left 
unchanged will be worthless, or nearly so, when applied 
to the land. The essential material is, im all cases, the 
phosphate of lime soluble in water, and the value of the 
sample is chiefly regulated by the proportion of this 
material. The organic matter—the more or less altered 
gelatine of the bones—depends for its value on the nitrogen 
it contains, or the amount of ammonia it is capable of 
producing by decay. For this reason, the amount of 
nitrogen should always be stated in the analysis of a 
superphosphate. 

The gypsum and common salt are possessed of a certain 
value ; but a much lower one than that of bone material. 
The water and small quantity of sand and earthy 
matters are unavoidable impurities, and, of course, must 
not be taken into account in estimating the value of the 
manure. This sample, as before stated, represents a super- 
phosphate of fair quality, and should cost. about £7, to 
£7 10s. ae ton. 

No. 2 is altogether the reverse of No. 1. It con- 
tains but a small “quantity of soluble phosphate, and very 
little insoluble ; an undue quantity of gypsum, and far 
too much sand. This is an adulterated superphosphate, 
and is worth but a fraction of the price charged for it. 
From these examples it will be seen that the value of a 
superphosphate entirely depends on its quality, and, in 
most cases, on the proportion of soluble phosphate of lime 
it contains. Thus a sample like No. 3 is not dear at £12, 
because it contains £12 worth of fertilizing materials ; 
whereas the sample No. 2 would be dear at £5. It 
should always be remembered by farmers in purchasing 
superphosphate, and, indeed, all other kinds of artificial 
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mixtures, that the dearness or cheapness of a manure is not 
determined by its price, but by the amount of fertilizing 
materials it contains, and the degrees of fitness of these 
materials for action in the soil. 

In the case of manufactured manures, like superphos- 
phate for instance, much of their agricultural value depends 
on the mechanical condition in which they are supplied,— 
the extent to which their constituents have been pul- 
verized and intermixed. The richest manure, chemically 
speaking, will be of little use unless it is moderately dry, 
reduced to fine powder, and its constituents thoroughly 
incorporated. This must be borne in mind in judging of 
the value of a manure, and a proportionate price must be 
allowed for the degree of completeness with which these 
matters have been attendedto. Although in theory the 
production of superphosphate is a very simple matter, 
in practice it is found somewhat troublesome, from the 
difficulty of producing a manageablearticle ; anda great deal 
of experience and skill are required to prepare a superphos- 
phate of the requisite chemical strengthand mechanical con- 
dition at aremunerative price. For this reason we would 
recommend farmers never to attempt to make their own 
superphosphate, since, in most cases, their efforts will 
result in the production of a material too wet or too 
dry,—or otherwise unmanageable, and altogether remote 
from the character of a good superphosphate. The best plan 
of obtaining this material is to purchase it of some old- 
established manufacturer of known respectability, who 
will readily guarantee its quality. For the reasons above | 
stated, the exact value of a manure cannot be told by | 
judging solely of its composition as revealed by an analysis ; 
on the other hand, we can never arrive at the real value of 
a manure without an analysis. The perfection of mechan- 
ical texture will be useless unless its chemical value 
corresponds. The value to be attached to mechanical 
condition must always be added to that depending on 
the amount of fertilizing materials it contains: thus we 
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can only arrive at the precise value of a superphosphate 
by comparing its composition, as shown by analysis, with 
its external properties. 

Superphosphate is generally applied to the root crops 
in conjunction with well-rotted farmyard manure ; the 
superphosphate being mixed with ashes and drilled in with 
the seed. In this operation it is good policy to spend extra 
labour in pulverizing and mixing the superphosphate wit! 
the ashes employed, since much of the subsequent effect of 
the manure will depend on the care taken in its applica- 
tion. Moreover, as remarked on a former occasion, a less 
quantity of manure properly applied will go as far as a 
larger quantity carelessly applied. Two or three hundred- 
‘weight per acre will in most cases be a fair dose, and 
amply sufficient to supply phosphoric acid and sulphuric 
acid to all the crops of a rotation. 

An excellent method of applying superphosphate in 
particular cases is by means of the liquid-manure drill. 

Superphosphate is particularly adapted for promoting 
the growth of root crops—turnips, Swedes, &ec. It seems to 
wenefit these plants at every stage of their growth. Not 
the least of the good effects of superphosphate on turnips 
and Swedes is its undoubted efficacy in hastening the early 
growth of the young plants. This effect, in many in- 
stances, saves the crop from destruction by the turnip fly. 


Ammoniacal or Nitrogenous Manures. 
Guano. 


Let us now direct our attention to those manures 
employed for supplying particular crops with nitrogen 
or ammonia. In doing this we shall naturally begin 
with guano. Guano—that is, Peruvian guano—owes 
most of its effects as a manure to the ammonia it contains ; 
and the high price of this article is not dear, when we con- 
sider the large quantity of this valuable material it con- 
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tains in a fixed or solid form. By adding 1 lb. of guano 
to the soil, we supply it with as much ammonia as is 
contained in 24 lb. of well-rotted farmyard manure. 

Guano is a natural product, consisting of the excre- 
ment of sea-fowl, more or less altered by fermentation 
and decay. In certain districts of the tropics, where 
little rain falls, the coasts and islands frequented by large 
numbers of sea-birds become covered with accumulations 
of their dung, which, after spontaneous drying and fer- 
mentation, constitutes the material we call guano. Beds 
of this material have been discovered in several localities, 
the more extensive being upon islands off the coast of 
Peru. From this place the greater part of the guano 
met with in commerce is obtained, and as the climate of 
this locality is particularly favourable for the preservation 
of this substance, the guano of this place is not only the 
most abundant, but of better quality than that found in 
any other place. The right of importing this kind of 
guano exclusively belongs to the Messrs. Gibbs and 
Bright, through whose hands all the Peruvian guano 
supplied by dealers must have passed. 

Most of the Peruvian guano brought to this country 
is tolerably uniform in quality, but, occasionally, cargoes 
arrive that have been damaged by sea-water or otherwise, 
and are sold by auction. 

This damaged guano is often purchased at a low price 
by unscrupulous dealers, who afterwards dispose of it to 
unsuspecting persons under the name of genuine guano,— 
which indeed it is, but not of the best quality. For 
this reason, in purchasing guano, care must be taken to 
see that the article supplied is really what it is repre- 

sented to be. But this is not the only kind of im- 
position one is liable to in purchasing guano ; as we shall 
presently see, the substances offered for sale and purchased 
under the name of guano are often altogether different 
from genuine guano, even of damaged quality. 

Guano of an inferior description is also brought from 
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Sxldanha Bay, Bolivia, Ichaboe, and, quite lately, from the 
Falkland Islands, and still more recently, from the Kooria 
Mooria Islands. The guano obtained from all these places 
is inferior to Peruvian guano. 

The external properties of Peruvian guano are tolerably 
well known. As generally met with, it is in a moderately 
dry light powder, interspersed with lumps of har der 
Seay: These lumps are often difficult to. break, and 
when broken present a crystalline structure. The colour 
of guano is generally a light brownish red or fawn- 
colour. It is also possessed of a peculiar unpleasant 
smell, which is popularly supposed to be due to the escape - 
of ammonia. But this is a delusion ; ammonia does not 
escape in any appreciable quantity from guano, even when 
it is exposed for a length of time to the heat of the sun. 

That the smell of guano is not due to the escape of 
ammonia, may be proved by a simple experiment. If we 
moisten a little guano with sulphuric or any other acid, 
and now dry the guano, we find that the smell is still 
present. This could not be the case if it were caused by 
the escape of combinations of ammonia ; since, after the 
addition of acid, all the ammonia that could escape would 
have become fixed in. the manner described in a former 
chapter. 

Genuine guano is an extremely light substance,—a 
bushel of it weighing only 68 to 72 lb. Hence, by this 
fact we are furnished with a rude method of ascertaining 
the genuineness of a sample of guano; since all other 
substances that are likely to be used to adulterate guano 
add to its specific weight. 

Before proceeding any further, let us state the com- 
position of guano. The following analyses will convey 
an idea of the composition of two or thr ee sorts of 
guano :— 
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COMPOSITION OF GUANO. 


1 2. 3, 
Water. a Jeet Lara 12°00 11°54 
Organic matter and panmionical ) 52:98 59-11 19°79 


Salient ets eee ae Gales é 
Phosphates of lime and mag- m f ; 
nesia (bone-earth) . Hs i ee 


Alkaline salts, chiefly “ chlo- 
rides of potassium and 8°26 8°13 4°78 
AOOTAMUN foceic Se. oa as tees 
ey parte a... Se Eee otters og td = 1‘70 
Insoluble silicious matter...... 1°50 1°45 9°36 


100°23 100-00 10000 
Yielding ammonia........ 17°21 19°30 4:35 


From the above analysis of genuine guano we perceive 
that this substance is remarkably rich in fertilizing 
materials, nearly every one of its constituents being a 
- material highly valuable for promoting the growth of 
plants. For this reason guano may fairly be considered 
as the richest and most concentrated of manures. Most 
of the complaints occasionally raised against this manure, 
and the disappointments that sometimes follow its use, 
may be traced to an injudicious use of this substance, 
arising from ignorance of the fact that it is too stimulating 
a manure—too concentrated—to be used but with the 
utmost caution. 

As we notice by glancing at the above analysis of 
guano, nearly two-thirds of its weight consist of salts and 
other combinations of ammonia, more than a fourth of 
which is real or pure ammonia. This portion of guano 
contains many of the same compounds as are found in 
_ the urine of domestic animals, and noticed when speaking 
of farmyard manure ; so that we may regard this portion 
of guano as urine divested of its large quantity of water. 
The next important constituent of guano is the phosphate 
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of lime or bone material : nearly a fourth of its weight con- 
sists of this substance. The materials included under the 
item alkaline salts, consist of potash and soda combined 
with sulphuric, carbonic, and phosphoric acids. With this 
latter acid the potash and soda are especially valuable, 
since in this form they are readily soluble in water. 

Thus we perceive that, with the exception of a little 
sandy and earthy matter, amounting to little more 
than one part in a hundred, and about 14 per cent. 
of water or moisture, every particle of good guano is 
capable of contributing to the growth of plants, and 
supplying them with the materials required in the produc- 
tion of those compounds on which the value of fertilizing 
materials depends. Hence we can account for the extra- 
ordinary effect a comparatively small quantity of this 
substance often exhibits when judiciously applied to our 
crops. 

The above remarks apply to Peruvian guano of the 
‘best quality, such as can be obtained from £12. 10s.to £13. 
per ton ; and this price, though indeed high, is not dear, 
if we consider the market price of its constituents, or the 
price we should have to pay for the materials of guano in 
any other form. 

But unless the farmer is careful in buying this 
material, or if, in mistaken policy, he purchases a sample 
apparently but slightly damaged, at a reduced price, the 
substance he uses under the name of guano will possess 
qualities very different and much inferior to those above 
‘described. Guano offers too great a temptation for 
adulteration to be resisted by unscrupulous manure- 
dealers: its high price, the facility with which foreign 
substances can be mixed with it, and the difficulty of 
recognizing such admixture by persons ignorant of 
chemistry, account for the fact that guano, of all other 
artificial manures, is most subject to ¢dulteration. 

In many cases this adulteration is but clumsily effected, 
and can readily be detected by persons acquainted with 
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the appearance of genuine guano ; but occasionally adul- 
terated samples are met with so skilfully mixed, and the 
natural texture of guano so craftily imitated, that the 
most experienced judges are deceived by the appearance. 
In these not unfrequent cases, chemical analysis is the 
only means at our disposal for detecting the adulteration. 
tn all cases this is the only method of ascertaining the 
real value of guano. By way of illustration we now insert 
some examples of adulterated guano that have come 
under our notice. 


EXAMPLES OF ADULTERATED GUANO. 


WLI pe ses ferstaco aiays aipieles Sis'si es @'910,4 5.» 5°33 8°28 
OLORINCINALLED Ne cclse.t eine hone ae sere: 3°52 13°11 
Oxide of iron and alumina.......... St 3°59 
Phosphate: UMe gic sclezisle.ne'c0 os - 18°10 2°35 
Sulphate of lime (gypsum).......... oe 15°17 
Carbonate of lime (chalk) .......... 69°75 8:00 
Chloride of sodium (common salt).. .. 1°75 15:80 
Insoluble silicious matter (sand, &c.) 5 34°29 
BE ZOUCSIA LS Pel oheicl cisisics aie's o)<)pr ae sistels 1°35 we 
Loss “20 
100-00 100°50 
GonpAlBInS WIENOG ENS. <ci's, a eiaps.aieje om ‘19 Roe 
Equal to ammonia .............. 23 “64 


The following simple experiments are often highly 
useful for enabling one to ascertain whether a sample of 
guano is adulterated or not :—1. A small quantity of the 
sample is mixed with quicklime and water to a paste 
in a tumbler glass or other convenient vessel. A strong 
smell of ammonia or hartshorn should be given off: the 
smell will be strong in proportion as the guano is good. 
2. A little of the sample is burned on a piece of tin 
plate over a Jamp or a clear fire: the greater part of 
the guano burns away, leaving a white or slightly gray 
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ash. If the ash is of a red or brown colour, we may infer 
that the guano is not pure. Further, this ash will dis- 
solve almost entirely in muriatic acid, if the guano is 
pure ; whereas, in the case of an adulterated sample, a 
quantity of substance will remain undissolved in this 
liquid, even after standing for two or three hours. 

These tests may be applied with greater precision if we 
possess a small pair of apothecary’s scales. In this case, 
100 grs. of guano should be weighed out ; this quantity 
should lose by burning about 60 grs., and the remaining 
ash, on being tested with muriatic acid, should not leave - 
more than two or three grains of insoluble matter. 

In using guano as a top dressing for wheat, especial 
care should be taken in preparing it for application to the 
land. The hard lumps should be broken, and the whole 
substance reduced to fine powder by beating and sifting ; 
further, it should be mixed with two or three times its 
weight of salt or dry earth, and thoroughly incorporated 
before being added to the land. The object of mixing with 
some other substance, as salt or earth, is simply to insure 
a more even distribution of the guano over the soil ; and 
the better this is effected (by whatever means), the greater 
will be the effect of the guano on the crops. This uni- 
form distribution over the land, so essential for the 
successful employment of all artificial manures, is the 
more necessary in the case of guano ; since, by neglecting 
this precaution, the larger lumps of guano are likely to 
“burn” the plants, and thus do more harm than good 
when applied to the crop. 


Adulteration of Manures. 


Before proceeding to describe the other less important 
artificial manures, a few remarks on the adulteration of 
manures and the circumstances that affect their value 
may not be out of place. 
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The adulteration of manures, as indeed of all other 
articles of commerce (especially those in any way used as 
food or medicine), is a practice that cannot be too 
strongly condemned ; and it is much to be regretted that 
the laws of this country afford too many chances for the 
successful carrying on of this species of fraud. : 

In the case of manures, their adulteration is attended 
with several evils besides the more direct one of robbing 
those who purchase the adulterated articles. The fact of 
manures being known to be extensively adulterated, tends 
to restrict their use, and to withhold the good that a 
more extended use of these materials is calculated to 
confer both on the farmer and on the community. For 
the same reason the trade of honest manufacturers is 
injured and confined. 

Under the name of manures, all kinds of mixtures are 
sold, often worth but a fraction of the price paid for them, 
and in too many instances altogether worthless. 

The frauds practised by dishonest manure-dealers con- 
sist of the diluting or weakening of standard manures, 
as guano, superphosphate, nitrate of soda, &c., by the 
admixture of less valuable or worthless materials, as sand, 
sawdust, brickdust, &c. ; also in the fabrication of mix- 
tures from all kinds of cheap refuse and other materials, 
as tanners’ bark, road-scrapings, old mortar, &c. Such 
mixtures are brought into the manure market as new 
compounds, under all sorts of high-flown names, which 
generally indicate properties in every way the reverse of 
those possessed by the so-called manures they represent. 
Mixtures of this description are often supported by 
flaming testimonials, through which many persons are 
often induced to waste their money on compounds of this 
description. It must be remembered that even genuine 
testimonials in support of the character of a particular 
manure afford no proof of its real or market value, since 
what may produce a good effect on one soil will not do 
so on others. The fertilizing effect of a manure on a 
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soil will be just in proportion as the manure is able to 
supply what the soil is most in need of. Hence it may 
happen that a soil is only in need of lime or sulphuric 
acid: in this case a manure containing plenty of lime or 
sulphuric acid is all that is requisite to enable the soil to 
produce a good crop. On such a soil a comparatively 
worthless mixture of gypsum or sulphuric acid in any 
other form will produce as good an effect as a valuable 
superphosphate that contains, in addition to sulphuric 
acid and lime, the more valuable phosphoric acid ; because 
in this particular case this latter material, generally so. 
valuable, is useless, the soil already containing sufficient 
phosphoric acid. It is by instances of this sort that a 
manure often acquires a false character, and is believed 
to possess qualities to which it has not the slightest claim. 
Certain natural casualties, to which all crops are occa- 
sionally subject,—as very wet or otherwise unfavourable 
seasons, blight, &c., which interfere with the action of 
the best manures,—also occasionally favour the character 
of inferior ones, and for a time conceal their worth- 
lessness. 

Hence the money value of a manure cannot be esti- 
mated by its effects on a particular soil. Theoretically 
speaking, ali manuring substances are equally valuable, 
because they are all alike indispensable to the growth of 
plants ; for instance, silica is in this sense as valuable as 
ammonia; because, unless both of these substances are 
present, the wheat plant cannot flourish; again, lime is 
as valuable, because as indispensable, as potash to the 
growth of nearly all plants. But the money value of 
these substances is widely different, simply because the 
relative quantities of these substances in nature are totall y 
unlike ; for which reason they can be procured with very 
different degrees of facility. While silica, lime, organic 
matter, &e., are abundant in most soils, and are furnished 
to the plants in inexhaustible quantities, the ammonia, 
phosphoric acid, &., are naturally supplied more 
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sparingly : hence these materials are soonest removed 
from the soil by the crops grown upon it ; and when we 
wish to renew these materials, we find that we can only 
obtain them by paying for them ; and the price at which 
they can be procured is of course regulated by the 
quantity of them supplied in the market. The price we 
can afford to pay for a manuring material is of course 
determined by the increase of produce we may calculate 
upon its producing. Thus the number of substances at 
present used in artificial manures is limited by the 
price at which they can be procured. Several salts 
of high fertilizing value,—as phosphate of potash or phos- 
phate of soda, nitrate of ammonia, phosphate of ammonia, 
&c.,—would be eagerly bought as manures, could they be 
supplied at a price consistent with agricultural economy. 
- By the discovery of more prolific sources of materials that 
can be used in agriculture, certain substances,formerly used 
for other purposes, find a new application in the way of 
manures ; for instance, until the discovery of guano, or 
rather its importation to this country, the artificial supply 
of ammonia to agricultural crops was very limited, simply 
because all the combinations of ammonia supplied to the 
market fetched a price far beyond that which the farmer 
could afford to pay. Again, long after it was discovered 
that nitric acid was a valuable fertilizing material, its use 
as a manure was prevented by the high price of its 
salts: they were in demand for other purposes, and 
consequently were worth more money than the farmer 
was able to pay. But comparatively recently, vast beds of 
a material containing a large proportion of nitric acid have 
been discovered ; so that its market price is reduced, and 
now comes within the reach of farmers. 

The money value of a manure is thus determined by 
the market price of its constituents. This applies to all 
natural products, as guano, nitrate of soda, &c. In the 
case of manufactured manures, as superphosphate, an ad- 
ditional price must, of course, be allowed for the expenses 

oO 


194 AGRICULTURAL CHEMISTRY. 


incurred in its production. Whatever the effects of a 
manure may be under certain favourable circumstances or 
on any one particular soil, its real value is still subject to 
the above standard ; and if its composition does not justify 
the price charged, even though it may happen to produce 
a good crop, too much will have been paid for it,—simply 
because the same effects on the same crop might have 
been obtained by the employment of its constituents 
otherwise procured at their legitimate price. 

The best way of procuring artificial manures is to 
purchase them of manufacturers or dealers of known re- 
spectability, who will readily guarantee the manures they 
supply to be of a particular strength, as determined by 
analysis, which they furnish ; and the price charged will 
be according to this analysis. But as the manures manu- 
factured by the best of makers often pass through several 
hands before they reach the consumer, it is proper, in all 
cases, that the manure received should be tested, in order 
that the buyer may satisfy himself of its quality, and 
that it is worth the price paid for it. This is easily done 
by taking a sample from two or three of the bags of 
manure and forwarding it to an analytical chemist of re- 
cognized respectability and skill, who will readily ascertain 
the composition of the manure, and whether it corresponds 
with the analysis furnished by the dealer. In comparing 
the results of analyses of manures, differences of two or 
three per cent. in the contents must not be noticed. 

Nitrate of soda is another material largely employed for 
artificially supplying certain crops with nitrogen. In 
speaking of the atmosphere, we noticed the existence in 
the air of minute quantities of a substance called nitrate 
of ammonia,—a salt that is found to exercise a powerful 
effect in promoting vegetable growth ; and it was stated 
that the superior efficacy of rain that falls during thunder- 
storms, in refreshing and invigorating plants, is, in a great 
measure, due to the nitrate of ammonia it contains. 
Substances closely analogous to this salt are saltpetre,—the | 
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salt used in the pickling of meat, the proper name of 
which is nitrate of potash, and the salt now so frequently 
used as a top dressing for wheat, called Chili saltpetre, or, 
more properly, nitrate of soda. 

Each of these salts contains a large quantity of nitric 
acid, or aqua-fortis—the material to which the fertilizing 
effect of these salts is more immediately due. 

As most of us are aware, nitric acid in a separate state 
is a highly corrosive fluid, capable of dissolving metals, 
like silver or copper ; but when combined with alkalies, 
—as in the above salts,—its corrosive properties are con- 
cealed and overcome, and it becomes a highly fertilizing 
material, which, like ammonia, supplies plants with the 
nitrogen they require in the formation of the flesh-forming 
compounds of food. 

It is probable that all the nitrogen received by plants 
is conveyed to them either in the form of ammonia or 
nitric acid, and that the nitrogen contained in all the 
animal or other substances added to the soil as manures, 
is converted into one or other of these forms before being 
supplied to the plants ; but which of these forms is the 
best, or which is most favourably received by plants, is 
not well known; this much, however, is certain, that 
both of these forms of nitrogen exercise a highly fertilizing 
effect on plants, and, consequently, are valuable manures. 

Nitric acid is found in small quantities in dung-heaps ; 
and wherever animal or vegetable matter containing 
nitrogen is present with much lime, under favourable 
circumstances, nitric acid is formed from the nitrogen of 
the organic matter. In this manner, large quantities of 
nitrate of potash, or saltpetre, are formed artificially in 
nitre-beds, as they are called. 

Either ‘in an analogous manner, or by the action of 
electrical currents upon the air, the nitrate of potash found 
in the soil of certain warm climates, as in the East Indies, . 
is probably formed. Comparatively recently, large beds. 
of a salt very similar to nitre have been discovered in 
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Chili ;—hence, the term “Chili saltpetre ” sometimes ap- 
plied to the nitrate of soda employed in agriculture. 

The composition of nitrate of soda may be thus 
stated :-— 


‘COMPOSITION OF NITRATE OF SODA. 


Genuine Adulterated 
Sample. Sample. 


PW aber dente ats <cis acct oieaunieiteieloteeieaners 93 4:04 
WNitraterot: SOda) « cis/crsies cise e)ie exe etare 95°02 58:97 
Sulphate of soda..........-.--+.-- — 4°62 
Chloride of sodium, or common salt.. 3°24 10°04 
Sand and insoluble matter.......... 81 2°13 


10000 100-00 


Like all other artificial manures, nitrate of soda is often 
found adulterated : in most cases this is effected by means 
of cheaper salts of the same character ; as, for instance, 
common salt, glauber salt, or sulphate of soda, &c. As 
these salts are all crystalline, and in other respects re- 
semble nitrate of soda, these substances cannot be de- 
tected by any means short of an analysis. 

Nitrate of soda is generally used as a top dressing for 
grain crops ; and the same precautions for insuring its 
even distribution over the soil should be attended to asin 
the case of guano. 

Soot,—Leaving the more valuable and highly concen- 
trated nitrogenous manures, let us now consider a few 
cheaper refuse substances that belong to the same class,— 
that possess the same qualities in a less degree. 

An ammoniacal manure in common use is soot. This 
substance is chiefly useful on account of the ammonia it 
contains in the form of salts, The smoke of lamps and 
coal fires consists of minute particles of unaltered char- 
coal, with other intermediate products of combustion. 
All the charcoal, or carbon, of fuel that takes part in the 
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actual combustion, is converted into carbonic acid gas, as 
stated in a previous chapter. But when much carbow 
is present in a fuel that burns with flame, a great deal of 
this carbon is carried off in the shape of smoke: from 
this smoke the carbon is readily deposited upon any cold 
object. In this finely-divided shape carbon is techni- 
cally called lampblack, and is an article of extensive 
manufacture. The soot that accumulates in our chimneys, 
where coal is used for fuel, is an impure variety of lamp- 
black. Itis to these impurities, however, that soot chiefly 
owes its agricultural value. In speaking of the sources of 
ammonia, it was stated that one of these sources is coal. 
Coal contains variable quantities of nitrogen in organic 
combinations ;—when the coal is burnt, this nitrogen 
passes off in the form of ammonia. Coal also contains 
sulphur or brimstone. When this substance is burned 
in the coal, a part of it is volatilized in the form of 
sulphurous acid, which, meeting with the ammonia simul- 
taneously liberated, effectually fixes it and retains it in 
the soot. 

We may satisfy ourselves of the presence of ammonia 
in soot by testing it with lime in the manner described 
in speaking of guano: by this treatment the soot wilh 
evolve astrong smell of ammonia or hartshorn. Although 
ammonia is the more valuable constituent of soot, it con- 
tains other substances, which, in a minor degree, con- 
tribute to its usefulness as a manure. Some of the 
sulphurous acid gas, in the presence of the finely divided 
carbon of soot, becomes converted into sulphuric acid, or 
oil of vitriol ; this, in its turn, combines with lime from 
the mortar of the chimney : hence we find in soot variable 
quantities of sulphate of lime or gypsum, a substance 
which, as we shall presently show, is of much service in the 
soil. The value of commercial soot is regulated almost 
entirely by the proportion of ammonia it contains, the 
average quantity of this substance being about 2 or 3 per 


cent. 
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Gas Liquor.—While speaking of soot, and remarking 
that its value as a manure depends on the presence of 
certain compounds arising from the combustion of coal, 
we are naturally reminded of the use, as manures, of the 
same compounds, found on a large scale in the process ot 
gas-making. 

When coal is heated in closed vessels for the purpose of 
converting it into gas, nearly all the nitrogen it contains 
passes off in the shape of ammonia, along with the other 
gases simultaneously produced. In undergoing the pro- 
cess of purification to adapt it for illuminating pur- 
poses, the coal gas is separated from this ammonia and 
other impurities, part of which are retained by water 
through which the gas is made to pass. This water 
is technically called “ gas liquor,” and is the source from 
which most of the ammonia found in commerce is pre- 
pared. This gas liquor consists of water containing 
variable quantities of several salts of ammonia, dissolved 
in it with other impurities. To obtain this ammonia, the 
gas liquor is evaporated with some strong acid, as 
sulphuric acid, or oil of vitriol. By this means the 
ammonia is fixed, and when dried up constitutes the 
salt called sulphate of ammonia,—a substance often 
used by the farmer for the same purpose for which he uses 
guano or nitrate of soda. This salt is also largely em- 
ployed by manure-makers in the preparation of wheat 
manures, grass manures, and other mixtures of the sort. 

In districts in the immediate neighbourhood of gas- 
works, the gas liquor itself is occasionally used as a manure, 
and by judicious management can often be employed with 
great advantage upon grass land and other crops. The use 
of this fluid as a manure is attended with a certain amount 
of danger, since, unless it is sufficiently diluted with 
water before application to the land, it is liable to produce 
a contrary effect to the one desired ; in other words, it is 
apt to scorch the crop. This effect is due to the salts of 
ammonia it contains, which always exhibit an injurious 
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effect on vegetation when too bountifully applied. It 
must, however, be remembered—in extenuation of the 
character of gas liquor as a manure—that guano occa- 
sionally produces the same injurious effect, if carelessly 
applied. The proper way to use gas liquor is to dilute 
it with water until no unpleasant taste is perceptible, and 
in this weak state supply it to the land by means of a 
liquid manure distributor. The employment of this 
material as a manure is, of course, limited to the dis- 
tricts in the vicinity of gas-works ; since, on account of 
the large proportion of water belonging to it, its con- 
veyance to any distance is impracticable, the expense of 
carriage soon amounting to more than the whole mixture 
is worth. 

Gas lime is also occasionally used as a manure; but, 
generally speaking, apart from its value as a variety of 
lime, or as a source of gypsum, it is of little value as a 
manure. We mention it in this place because a belief is 
common that this substance contains more ammonia than 
gas liquor. It need scarcely be said this is not the case, 
simply because caustic or quicklime, the prevailing in- 
gredient of gas lime, expels ammonia from any of its 
combinations. It is on this fact that the test for ammonia, 
described in an early chapter, and to which we have 
several times referred, is based : hence gas lime cannot— 
neither does it—contain any appreciable quantity of 
ammonia. The use of this substance in localities where 
it can be procured at a very cheap rate, as a source of 
lime and of sulphuric acid, may be recommended. 

Animal refuse manures, as wool-refuse, or shoddy, 
leather-refuse, glue-refuse, butchers’ offal, blood, and 
animal matter of all descriptions belong to the class of 
nitrogenous manures. By decay in the soil, these sub- 
- stances furnish ammonia from the nitrogen they contain. 
The value of these substances, though dependent on the 
proportion of nitrogen they contain, is qualified by the 
degree of facility with which this nitrogen is liberated, 
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or, in other words, upon the readiness with which they 
undergo decay when added to the land. Thus wool- 
refuse, or the sweepings of cloth factories, contains a 
considerable amount of nitrogen; but as this material 
decays but slowly, and remains unchanged for a length of 
time when added to the soil, it is of little value as a 
manure ; it may, however, by suitable means, be fer- 
mented previous to being added to the soil, and its 
usefulness by this means greatly increased. 

Amongst this kind of manures mixtures are occasionally 
met with in the manure market, called “animal guanos,” 


or “flesh manures.” As far as we may judge by the samples © 


of this substance that have been analyzed, they seem to 
possess claims to the title of good manures. Refuse flesh 
and offal is procured from Buenos Ayres and other dis- 
tricts in South America, where animal matter and bones 
are of little value. 

The blood of animals is well known to be a most 
powerful manuring substance. It contains nearly all the 
essential materials required for the growth of plants: 
hence, if this substance can be economically procured, its 
use aS a manure may be recommended. We mention 
this material amongst manures, not so much because we 
believe its use in this way to be very extensive, but 
because the term “blood” has lately become a favourite 
prefix with manure-dealers, who, aware of the popular 
belief in the richness of blood as a manure, attach this 
term to mixtures of which the blood of animals forms a 
very small proportion. 

There is no necessity for us to enter further upon the 
individual merits of the various refuse manures. It is 
sufficient to state that in all cases their value depends on 
the price at which they can be procured, or rather, their 
price as compared with the market value of their con- 
stituents. For instance, if a farmer can obtain the same 
quantity of nitrogen—in the shape of blood or any other 
refuse animal matter—at a lower price than he can in the 
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shape of guano or nitrate of soda, he wil! do well to avail 
himself of the opportunity, and purchase them. But, 
unless the quantity of fertilizing material contained in 
these substances is equivalent to the price paid for them, 
they are dear, however low this price may be. 

Gypsum is the mineralogical name of the substance 
popularly known as plaster of Paris, the chemical name of 
which is sulphate of lime. As the latter name indicates, 
it is composed of sulphuric acid and lime ; and since both 
of these substances, especially the former, are occasionally 
deficient in soils, the application of gypsum is often 
attended with good effect on the land. Gypsum is found 
to exert a peculiarly favourable influence on all leguminous 
plants, as clover, pease, &c. Towards these plants, gypsum 
often acts as a powerful manure ; and in soils deficient 
in sulphuric acid and lime, the addition of gypsum to 
crops of this kind is to be recommended. 

Another valuable property of gypsum is its property 
of fixing ammonia. Jt is found that when the volatile 
carbonate of ammonia meets with gypsum or sulphate of 
lime, a mutual change of composition results, and sulphate 
of ammonia and carbonate of lime are formed. Sulphate 
of ammonia being a permanent salt, the ammonia is 
now fixed or safely preserved from loss by volatility. 
As carbonate of ammonia exists in the air, and is formed 
from manures, this property of gypsum greatly adds to: 
its agricultural value. Im soils containing a fair quantity 
of lime, the quantity of this gypsum can be increased at 
will by the addition of any soluble salt of sulphuric 
acid, as sulphate of soda, for instance. The sulphuric acid 
soon leaves the soda, to become sulphate of lime or 
gypsum. 

Common salt must not be omitted in a list of sub- 
stances used as manures, although its claim to this rank 
is not so well established as those of the materials 
hitherto described. A great diversity of opinion seems 
to exist respecting the value of salt as manure ; while: 
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some persons extol its use in extravagant terms, others, 
apparently well able to judge, as strongly condemn it. 
We suspect these apparent discrepancies in the results of 
manuring with salt might be explained in a manner 
similar to that which so happily sets things at rest in the 
fable of the chameleon. Salt is known to act very 
differently on different soils. Where salt is absent in the 
soil, its artificial addition has been known to produce 
striking effects; but as in most cases the soil already 
contains enough of this substance, a further quantity is 
followed by no good result. However, the use of salt as 
an occasional manure, as a means of destroying insects, 
and for other purposes in agriculture, is certainly to be 
vecommended. Salt, or its elements, are found in nearly 
all cultivated plants,—from this we infer that the presence 
of salt in the soil is necessary to the healthy growth of 
plants ; but its artificial addition is seldom necessary, 
since a constant supply of this material to the soil has been 
provided for by nature. It has been noticed that the 
vain that falls in any open part of the country generally 
contains traces of common salt: this is supposed to be 
derived from the sea, in the manner before noticed in 
speaking of salt as a constituent of the soil. 

The plants that require most saline matter are bulbous- 
rooted plants, as turnips, Swedes, and especially mangolds : 
this latter root is often benefited by a dose of salt, in 
addition to the superphosphate generally supplied to this 
crop. For this reason the manures sold as special 
manures for mangolds, generally contain a considerable 
proportion of salt. Salt is admirably adapted for diluting 
the more valuable manures, as guano, nitrate of soda, &c., 
as directed in a former page of this chapter. 

Having now described the composition and more pro- 
minent characters of most of the materials employed as 
artificial manures, in conclusion we may remark, that of 
these, or analogous substances, are prepared all the 
mixtures supplied under the names of special manures for 
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turnips, wheat, grass, mangolds, &c. Many of these 
mixtures are valuable manures, and, when properly used, 
calculated to produce a much better effect than any one 
of the above-described simpler manures. In many cases 
these mixtures are prepared on scientific principles, and 
their ingredients arranged in the proportion found by 
numerous well-conducted practical experiments to be 
best adapted for promoting the growth of the particular 
crop they are intended to benefit. Hence, if mixtures 
of this kind can be procured of respectable manufacturers, 
it may often be advantageous to employ them in prefer- 
ence to any of the before-mentioned simple manures. It 
must, however, be borne in mind that all mixtures of this 
description are subject to the same standard of value 
as that mentioned in speaking of superphosphates ; namely, 
that the price charged for the manure will only exceed 
the market price of its constituents by the cost of manu- 
facture and the amount of a fair profit. Many of these 
compound manures found in the market are equal to this 
standard, and fully worth the price demanded for them, 
the amount of fertilizing materials they contain being 
even greater than could be obtained by the farmer at the 
same price in any other form. 

On the other hand, it must be remembered that 
mixtures of substances are constantly met with called, 
“ fertilizers,” and all sorts of high-flown names, but whose 
value is but a fraction of the price demanded for them, and 
which too often consist of materials altogether worthless. 
Compounds of this sort, of alleged marvellous fertilizing 
power, are often sold in small packets at extravagant 
prices. It need scarcely be said, articles of this sort are 
simply contrivances of designing speculators for fleecing 
unsuspecting persons. It may be recollected as a rule 
without exception, that any manure possessed of extra- 
ordinary fertilizing power will contain in corresponding 
quantity those materials on which the luxuriant growth 
of plants is known to depend, as no magic is yet dis- 
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covered for making plants grow by any other means. 
Thus we perceive that artificial manures are possessed of 
peculiar merits altogether distinct from those of farmyard 
manure ; and that while these substances are highly useful 
—we may say indispensable in the present system of farm- 
ing—they can never be used in place of farmyard manure, 
but always as additions and auxiliaries to this material. 
The manure produced on a farm should contain all the 
fertilizing elements extracted from the land by the crops 
raised upon it, with the exception of those contained in 
the grain, cattle, or other produce sold off the farm. 
Hence if the manure made on the farm has been properly © 
preserved, we can return to the land, in this shape, all 
the materials borrowed from it for the growth of our 
crops, except those carried away in the manner above 
noticed. To make good this deficiency we should employ 
artificial manures; since in these we possess a ready 
and convenient means of restoring to the soil those 
more essential constituents permanently removed from it 
by the produce sent to market. The soil of a farm may 
thus be regarded as a manufactory of Nature, in which, 
from certain raw materials, as phosphoric acid, ammonia, 
&c.—with those supplied by the atmosphere and water— 
she prepares grain, beef, mutton, and all other kinds of 
agricultural produce. While on some soils an inexhaustible 
supply of these materials (with the exception of ammonia). 
exists, and the business of the cultivator chiefly consists 
in preparing the ground, and assisting Nature to avail 
herself of these materials; on most soils, these raw 
materials must be supplied in the shape of farmyard 
manure, guano, superphosphate, or other manures. In 
either case, the farmer holds the position of attendant 
or curator to Nature, who rewards him in proportion to 
rhe diligence and skill he displays in attending upon 
er. 


CHAPTER VII. 
VEGETABLE PRODUCE OF THE SOIL. 


We have already glanced at the general economy of 
vegetable life, and the chemistry of the elements of which 
all plants are composed. We have also briefly described 
the composition of the more common products of vege- 
table growth, or at least of those that belong to feeding 
materials. It has been mentioned that the vegetable 
productions used as food for man and animals consist of 
mixtures of compounds called by chemists proximate 
principles, but which are better known by their familiar 
names of gluten, starch, sugar, woody fibre, &c. These 
compounds, as we have seen, vary considerably in their 
usefulness in the animal system; and as their relative 
proportions also vary most widely in different kinds. 
of produce, it becomes necessary to learn the proportion 
of these several compounds that occur in cultivated 
crops before we can form an idea of the value of these 
crops, and their fitness for particular purposes. It is 
also necessary to inquire into the individual characters 
and habits of the various cultivated plants, the soils best 
suited for them, and the kinds of manures best calculated 
to promote their vigorous growth. We shall do this 
most conveniently by following the natural classification, 
which may be thus stated :— 


Cereal crops...... Wheat, barley, oats, rye, &c. 

Root crops ...... Swedes, turnips, mangolds, carrots, &c, 
Leguminous crops Pease, beans, vetches, sainfoin, &c, 
Fodder crops .... Grass, hay, clover, &c, 
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We will now proceed to consider the composition and 
general economy of each of these kinds of plants, beginning 
with the cereal or grain crops. 

The plants comprised in this important division belong 
to the natural family of grasses. We may therefore regard 
wheat, oats, barley, &c., as superior and highly-cultivated 
grasses. The distinguishing character of these plants is, 

_ the production of. their seeds in regular bunches, or ears, 
at the end of a long, upright, hollow stem. In order that 
this slender stem may possess the requisite strength and 
rigidity for supporting the comparatively heavy weight. 
of the ripe seeds, it contains a large quantity of the 
mineral glass-like substance silica. The stems of these 
plants are remarkable for the large proportion of silica 
they contain: for this reason these plants are sometimes 
called “ silica plants.” The composition of the stem of 
these plants is as follows :-— 


COMPOSITION OF STRAW. 


Wheat Barley Oat 

Straw. Straw. Straw. 
Water ....... Saale, cement Be 14:30 12°06 
Flesh- forming matters ...... 0 1-79 1°68 1°63 
Respiratory and fatty matters .. 31°06 39°98 37°86 
Woody itibTe, sere etree cis .. 45°45 39°80 43°60 
Mineral matters (ash). nds Gea ae TAT 4°24 -* | 4°85 


100°00 10000 100°00 


The seeds of these plants are extremely rich in feeding 
material : the seed of wheat is probably the most nutritive 
vegetable product. These seeds or grains consist of a 
aohite hard substance, inclosed in sivesal shells or husks : 
when ripe, the grain easily separates from the outer 
sheath, which remains attached to the stem or straw. As 
brought to market by the farmer, the grain consists of a 
hard white substance, inclosed in a scaly covering. The 
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relative proportion of straw and grain produced by these 
plants is, of course, different in each species ; but apart 
from this regular variation, it also differs in the plants of 
one species grown under different circumstances, being 
influenced by climate, soil, mode of culture, manure 
employed, variety of seed, &e. 


COMPOSITION OF THE GRAIN OF 


Wheat, Barley. Oats, 
SPN Abo treion shisha ol otek slakeivielaicrte etele 15°26 14°65 13°09 
Gluten or flesh-forming material 11°64 10°84 11°85 
Starch, &c.(heat- giving principles) ee 74 68°31 63°34 
Woody fibre. . sol megue™ 3°45 7:0 
Inorganic matter (ash) . pee mice es: 2°75 27 


10000 100-00 100°00 


Wheat.— We will now separately consider the more pro- 
minent characters of each of the above kinds of grain crops, 
beginning with wheat. We must all agree in placing 
wheat at the head of all cultivated crops. It deserves this 
distinction from the fact of its being the origin of our 
daily bread, the source from which the chief part of the 
food of millions of human beings is directly obtained. 
As the grain of wheat is an article of such demand, 
it necessarily becomes the most valuable product of the 
farm; for this reason the wheat crop is usually—in 
this country at least—the primary object for which 
the land is cultivated ; and nearly all other crops are 
subservient to this one. 

It is the business of the miller to convert the grain 
into flour, and in most cases to remove the bran or inner 
shell of the grain. The flour thus produced is of several 
qualities, depending not only on the kind of wheat from 
which it has been prepared, but also on the treatment it 
has received at the hands of the miller. Each kind of 
flour is called by some technical name, indicating its 
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degree of strength and colour, or freedom from husk, &c. 
Into the details of the process we need not think of 
entering, as it is sufficient for our present purpose to 
understand merely the general composition of white flour, 
which may be thus stated :— 


AVERAGE COMPOSITION OF 


Wheaten Flour. Oatmeal. Bran. 
WE aasendcddaododod Goose 13°50 13:09 12°86 
Flesh-forming substances ...... 11°48 15°68 13°80 
eal gto hue ae ) 73°52 68°17 5-56 
iWioody dibrewe. cet aissmicieiccrate 0°68 1°89 11°50 
Mineral Matters (ash) ........ 0°82 Lely 611 


100:00 100°00 10000 


Of these constituents the gluten is by far the most 
valuable, and it is on the larger quantity of this substance 
present in wheaten flour, that its superiority, compared 
with that of other grain, depends. It isthe amount of this 
substance that chiefly determines the “ strength” of the 
flour, and its fitness for making into bread ; the value of 
flour is, therefore, mainly dependent on the proportion of 
gluten it contains. It will be remembered that gluten is 
one of the complex vegetable substances which contain 
nitrogen with smaller quantities of phosphorus and sul- 
phur, in addition to the oxygen, hydrogen, and carbon 
of the more abundant but simpler vegetable products : 
its separation from flour by washing has also been de- 
scribed. 

The bran or husk of wheat is also very rich in nourish- 
ing materials, particularly in the more valuable mineral 
constituents of food—the phosphoric acid, magnesia, and 
ether bone-forming substances. By glancing at the pre- 
ceding table, we perceive that the bran of wheat is even 
richer in nourishing materials than the four. For this 


VEGETABLE PRODUCE OF THE SOIL. 209 


reason, the meal of wheat consisting of the bran and 
flour together, makes a more wholesome description of 
bread—at least, for persons whose digestion is vigorous— 
than white flour alone. Hence, the complete removal of 
bran from wheat meal is a refinement of manufacture 
that cannot always be considered an improvement, at 
least so far as the production of a nourishing food is con- 
cerned. 

On learning the composition of wheat, and considering 
the large quantity of nutritive materials its seeds con- 
tain, we can no longer wonder that it should require for 
its growth a soil rich in fertilizing materials, or that it 
should exert an exhaustive effect on the land. For this 
reason wheat thrives best on a strong land; ze, land 
naturally rich in mineral fertilizing materials, and requiring 
only working and tilling, to yield these materials to plants. 
On soils of this description,—and to a less extent on lighter 
land,—ammoniacal manures are found greatly to favour the 
growth of wheat. These manures supply the nitrogen 
requisite for the formation of the gluten of the grain, and 
at the same time stimulate the plants to seek a pro- 
portionate quantity of the other kinds of material the 
plants require. 

Barley is subject to the same causes of variation in 
quality as those that affect the wheat crop ; as soil, season, 
mode of culture, &. Barley is found to flourish best on 
light rich soils; and although a heavier crop may be 
grown on strong land, the finer sorts of barley are always 
grown on light soils. By a glance at the above table we 
perceive the constituents of the grain of barley are the 
same as those of wheat, the proportions of them only 
being different: we notice that barley contains less 
gluten and more starch. For this reason the meal of 
barley is anfitted for making bread ; at least, the bread 
made from it is “heavier,” less porous and wholesome 
than that of wheat flour. The chief application of 
barley is for the production of malt. It is particularly 
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adapted for this purpose from the large amount of starch 
it contains. By the process of malting, this starch is 
converted into sugar; and by drying, the sugar is pre- 
served from further alteration by putrefaction. The 
early stages of malting consist in exciting a premature 
germination in the seeds of the barley. By sprinkling 
with water, and keeping them at a particular tempera- 
ture, the seeds begin to sprout or germinate, and put 
forth the rudiment of a root—the process 1s now arrested 
by drying. By this treatment we imitate the natural 
germination of the seeds in the ground. In both cases 
the chemical changes in the seed are the same, and may 
be described as follows: a portion of the gluten first 
undergoes change, and is converted into a substance called 
diastase. This diastase may be regarded as a natural 
yeast or ferment, which communicates the tendency of 
alteration to the starch also present in the grain. The 
starch is now transformed by a simple change into sugar, 
which is provided for the support of the infant plant. A 
beautiful natural arrangement may be traced in this series 
of changes that take place during germination. During 
the first stages of the existence of the embryo plant, some 
kind of food must be provided to support it until it is 
able to collect food for itself from the surrounding soil. 
The food best suited for this purpose is yielded by sugar ; 
but as sugar, if provided in the ripe seed, would quickly 
undergo spontaneous changes, and soon disappear, the 
materials only of sugar are provided, in the shape of 
starch. This substance is far more permanent than 
sugar, being insoluble in water, and less liable to change. 
At the time the immature plant shows symptoms of 
vitality, a substance is produced whose peculiar pro- 
perty is its capability of transforming starch into sugar. 
Thus sugar is formed only at the time it is required, and 
the loss that would follow its formation at an earlier 
period prevented. 

Oats contain the same materials as wheat and barley, 
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but somewhat differently arranged. The composition of 
this grain may be judged of by the foregoing analysis. 

Leguminous ‘crops, as pease, beans, vetches, sainfoin, 
clover, &c., all partake of the character of the pea, which 
may be accepted as the type of this family of plants. 
The prevailing mineral constituent of these plants is 
lime : for this reason they are sometimes called “lime 
plants.” As we might for this reason expect, these 
plants flourish most luxuriantly on lime soils, and are 
cultivated most successfully in limestone districts. For 
the same reason, the addition of lime to soils containing 
but little of this substance greatly favours the growth of 
these crops. Another mineral constituent required by 
these plants is sulphur: hence the addition of some 
combination of sulphur is generally attended with benefit 
to a crop of this description. A substance well fitted for 
this purpose is gypsum, or plaster of Paris. This com- 
pound, as already noticed, contains sulphuric acid and 
lime, and on this account may be regarded as a special 
manure for leguminous plants. 

Many of these crops are cultivated as much for their 
stems and leaves as for their seeds. Their employment 
in a green state as fodder for cattle will be considered 
amongst other fodder crops. For the present, we need 
only direct our attention to the properties of their seeds. 

The seeds of beans, pease, and other plants of this group, 
are highly nourishing feeding materials. Like the grain 
of the corn plant, this superior nutritive value is due to 
the large proportion of nitrogenous or flesh-forming 
materials they contain. In these seeds the nitrogenous 
matter is not gluten, as in the case of grain, but consists 
of a peculiar vegetable principle called legumen, or vege- 
table casein: this latter name is given to this compound 
from the fact of its resembling in its chemical properties 
the casein or curd of milk. We shall: better understand 
the composition of the plants by glancing at the following 


table. 
Pp 2 


bo 
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COMPOSITION OF PEASE, BEANS, AND LENTILS. 


: : Pease. Field-beans. Lentils. 
Nitrogenized or flesh-forming consti- } 93-4 


23°3 24:0 
TUCNES. «oo wee e ce wwe es we ee oe ne 
Substances free from nitrogen, fitted 
to support respiration, and to lay 
on fat— 
. a Starch, sugar, fat, &e......... 50°0 48°5 §2°0 
B.P Woody tibrestn sisteteecn stem arerers 10:0 10°0 9°0 
Ash (bone materials) .............. 2°5 34 2°5 
DWiatenaetertlelsctelst= eretelereetersiors Gtddo, vill 14°8 12°5 


100°0 100°0 100°0 


Root crops, as Swedes, turnips, mangolds, carrots, &e., 
are cultivated solely for their roots, or rather bulbs. 
The habit of these plants is to gather from the soil, 
during the earlier stages of their growth, a larger quantity 
of nourishing materials than they require for present use. 
This extra quantity of food they store up and accumulate 
in their bulbs, and it is afterwards disposed of in maturing 
their seeds, during the later period of their development. 
Thus we learn that during one period of the growth 
of these plants the bulbs continue to increase in size, 
and to become richer in feeding materials up to a certain 
period, when a change in the reverse direction takes 
place, and the bulb is called upon to supply materials 
for the sustenance of the other organs of the plant. 
Hence we see the necessity of gathering the roots or 
bulbs when fully matured, in order to obtain the maximum 
quantity of feeding materials. If we leave them longer 
than this, the amount of woody substance in the root 
increases, and the root becomes less nourishing ; and 
when the plants are allowed to perfect their seeds, the 
bulbs are found after the operation to consist chiefly of 
woody matter; everything they contained in any way 
useful as animal food, having been extracted for supplying 
material in the production of the seeds. 
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Root crops are generally more difficult to raise, and 
require more care for their successful cultivation, than the 
crops before described. This is because these plants are 
more subject to natural casualties, sooner affected by 
disease, blight, and unfavourable seasons, than those of 
ether crops. Root crops flourish best on light soils that 
are neither too wet nor too dry : the roots are rendered 
watery and hollow by too much damp, and are equally 
susceptible of injury by drought. Hence the produce of 
this crop is often more affected by the season than by 
other circumstances within our control. We have before 
remarked that the turnip plant is unable to gather its 
food from any portion of the soil remote from the seat of 
its growth. In all the plants of this group the roots are 
less developed and fewer in number than those of most 
other kinds of cultivated plants ; for this reason we must 
supply them with material for their growth in a form 
that will admit of its ready appropriation. 

Since the root crop, of all others in the series of 
a rotation, is least able to collect its food from the 
substance of the soil, we generally supply the manure 
to this crop, and give these plants the benefit of first 
choice, so that they help themselves to all they care 
to possess, while the remnants are left for the following 
crops. The manure usually applied to root crops is well- 
rotted farmyard manure and superphosphate : the latter 
substance is frequently employed alone; but in this case the 
farmyard manure must be added previously, or at some 
other period of the rotation. 

Superphosphate of lime is particularly adapted for 
promoting the growth of root crops, especially Swedes 
and turnips: it acts chiefly by supplying these plants 
with abundance of phosphoric acid at the period they 
seem to require it most, viz, during the very early 
stages of their growth; and, as before noticed, an ad- 
ditional advantage is secured by the use of superphosphate, 
from the vigour it imparts to the young plants, which, 
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thus strengthened, are better able to resist the attacks of 
the turnip-fly. Besides phosphoric acid, in a form that 
can be readily assimilated, these plants require plenty of 
the alkalies potash and soda. Hence, in soils naturally 
deficient in these materials, the addition of common salt, 
or of sulphate of soda, or any other alkaline salt, 
may be expected to benefit this crop. Mangolds par- 
ticularly require a large quantity of alkaline matter ; so 
that the addition of common salt with the other manures 
applied to the mangold crop, will in most cases be found 
to increase the produce. 

The successful cultivation of the root crop, particularly 
Swedes and turnips, requires more than ordinary care and 
experience ; and the condition of this crop on a farm 
displays as much as anything else the skill and ability of 
the farmer. Apart from the natural casualties to which 
this crop is peculiarly liable, its growth can be regulated 
to a great extent by proper care and attention ; for 
much depends on the time of sowing and the state of 
the weather and of the ground at this period : an oppor- 
tunity lost at this time will affect the future produce. 
Again, a great deal depends on the quantity and quality 
of manure employed, or on the proper regulation of 
the manure to the capability of the soil. A soil of a 
certain quality, depending on its chemical constitution and 
mechanical condition, will produce its maximum produce 
of roots by the addition of a certain quantity only of 
manure. If this quantity is exceeded, the excess, instead 
of adding to the produce, as might be expected, diminishes 
it, by exciting an undue development of leaves at the 
expense of the bulb ; in other words, the higher the state 
of culture of a soil, the more manure may be used upon 
it, with the expectation of this manure producing a corre- 
sponding amount of produce. 

Root crops are almost exclusively cultivated for feeding 
cattle, and generally supplying the stock of the farm 
during the winter, when no green food is to be had. We 
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may therefore regard this produce as a portion of the 
raw material of mutton and beef; at the same time, it 
supphes material for the manufacture of manure. Before 
proceeding any further, let us make ourselves acquainted 
with the composition of these roots. 


AVERAGE COMPOSITION OF ROOTS. 


White Swedish 
r ‘ Globe. Turnip. Mangold, 
DW UOR sce nictorn amisewsyscieiac 50 450 89°460 87°78 
Flesh-forming substances.... 1°143 1:°443 1°54 
Sugar, pectin, gum, &....... 5°457 5°932 6°10 
NVOOEY GIMD....depsirsice felewwe 2°342 2°542 2°50 
Inorganic matters (ash)...... 628 623 96 


100°000 100°000 100°00 


We are astonished at the enormous quantity of water 
in these roots; in round numbers, nine-tenths of this 
produce consists of water, or, in the case of Swedes, 
100 lb. of roots, in the state they are usually stored, 
contain but 1l1lb. of dry matter. On becoming ac- 
quainted with this fact, we can no longer wonder at the 
large quantity of these roots consumed by cattle: the 
animals must eat 100 Ib. of Swedes to get 11 Ib. of real 
food. The dry substance of these roots consists of feeding 
materials that are soluble in water, as sugar, a large pro- 
portion of pectin or jelly-like substance, as well as the 
more valuable flesh-forming materials. It also contains a 
smaller quantity of insoluble matters, all of which, with the 
exception of the woody fibre, are digestible and nutritious. 
We also notice that of the three above-named roots, the 
Swede contains less water and more feeding material than 
the white turnip ; moreover, the dry substance of this root 
- contains a larger proportion of flesh-forming material than 
that of the white turnip. Hence we can account for the 
well-known superiority of the Swede as a general feeding 
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material. Mangolds are distinguished by the large 
quantity of sugar they contain. It will be remembered 
that sugar is one of the substances capable of producing 
fat in the animal system : thus the superiority of these 
roots for fattening beasts is explained. 


Fodder Crops. 


Under this head we include grass and hay, clover, 
sainfoin, Italian rye grass, and green food, as rape, 
mustard, &e. ; 

Grass and Hay.—The green herbage that in most 
places covers the soil in a state of nature, consists, for 
the greater part, of different sorts of grasses more or less 
adapted for affording sustenance to herbivorous animals. 
We may therefore regard grass as the food provided by 
nature for the support of this class of animals; and, as 
in all cases the arrangements of nature are complete and 
perfect, we cannot be surprised that grass and hay should 
be a fodder upon which all kinds of cattle thrive. 

Could we obtain at an economical rate enough of these 
materials to feed our cattle, no other description of fodder 
would be requisite. But as this is seldom the case, and 
as by the present system of agriculture it is more profit- 
able to cultivate other kinds of fodder crops, grass and 
hay, in most cases, form but a small portion of the fodder 
supplied to stock. At the same time, grass and hay are 

« justly esteemed as choice articles of cattle food ; the 

’ latter especially, when it can be advantageously obtained, 
is, in most cases, to be preferred to other sorts of winter 
fodder ; and for this reason hay is generally preserved as a 
material to be sparingly and judiciously used at critical 
periods. 

Two varieties of grass and hay are usually met with. 
1. That produced in permanent meadows, where the soil 
is exclusively set apart for the growth of this produce. 
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2. That raised from artificial or temporary meadows, 
periodically cultivated in a rotation of crops. In both 
cases the grass is either consumed in a green state by 
cattle put to graze on the land, or is preserved by drying, 
in the shape of hay. 

The produce of temporary pastures is generally con- 
sidered less valuable as feeding material than the grass 
or hay of permanent meadows; while the former is 
often more abundant and profitable, the latter is sweeter 
and finer, and holds the first rank in the list of fodder 
crops. 

The quality of permanent pastures probably varies to a 
greater extent than any other kind of cultivated land. 
While some districts are remarkable for the richness and 
luxuriance of their grass land, and have become notorious 
for the superior quality and abundance of every sort of 
produce raised from this kind of land, in other districts 
the natural pasture is poor and scanty, hardly capable of 
affording a subsistence to the animals kept upon it. 
These differences in the productiveness of pastures are 
due to a variety of circumstances besides the more im- 
mediate one of difference of soil: the age of the pasture, 
—the treatment it has undergone,—the species of grasses 
growing upon it, and especially the state of the soil in 
regard to water. All these causes may take part in 
altering the natural capabilities of the land. Amongst 
the causes that lessen the productiveness of pasture land, 
the presence of stagnant water holds a prominent place. 
Land that, from imperfect drainage, contains stagnant 
water, is found to encourage the growth of coarse, sour 
species of grass, deficient in every useful quality ; and 
although the soil may contain the elements of fertility, 
yet in the presence of stagnant water these kinds of 
grasses will prevail. By draining such land, the inferior 
grasses will slowly disappear, and give place to a sweet, 
wholesome herbage. This desirable change may often be 
hastened by the addition of the seeds of the grasses we 
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wish to raise, as well as the maaures best fitted for 
affording them nourishment. It is only when stagnant 
that water exerts this injurious effect on grass “land. 
Provided means exist for its removal when. necessary, 
the flooding of meadow land by water is, im most cases, 
followed by an increase both in the quality and quantity 
of the grass. Hence, whenever practicable, the practice 
of irrigation is eagerly resorted to as a means of increas- 
ing the produce of meadow land. The properties of 
water, on which its usefulness in this operation depends, 
have been already described. 

The composition of grass and hay may thus be repre- 
sented :— 


AVERAGE COMPOSITION OF NATURAL GRASSES. 


Meadow 
Grass. Hay. 
\WiEUEDE Gaagis sagnr snadsoosns GBS ah Water inc cpieccssiblesisieioevainistars 14°61 
Albuminous or flesh-form- 4°86 Flesh-forming constituents... 8°44 
ing principles <. <<eecise Respiratory and fatty matters 43° 3 
Respiratory matters, starch, } 10°56 WO0Gy Bre: boo ssi00cbeiem vie 27°72 
gum, sugar, sieonhs Mineral matters (ash)........ 6 ne 
Fatty matter..... ‘enwenienis “79 
WWOOGY HDL py ioiejcteinisiescisicissmrels 12°60 100°00 
Mineral matters (ash) ...... 2°86 
100°00 


The above tables may be accepted to represent the 
average composition of grass and hay. It will be seen 
that in fresh grass the quantity of water is very large, 
although less than in turnips, Swedes, &e. The dry 
substance consists for the greater part of respiratory or 
‘fat-producing substances, and woody fibre. ‘This latter 
substance being indigestible in the animal system, must 
not be taken into account in estimating the value of 
feeding materials. Amongst the former substances we 
find fatty or oily matter, a substance that materially adds 
to the value of grass and hay as a feeding material : there 
is also a considerable portion of the more valuable albu- 
men or flesh-producing compounds. The ash or mineral 
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constituents are also large in comparison with other 
fodder crops. 

In hay we find the same materials in greater 
proportion. As the hay contains much less water, it 
is, of course, richer, weight for weight, than grass. 
The qualities of hay depend very much on the age of the 
grass at the time of cutting, as well as on the treatment 
it has undergone during its conversion into hay. It 
is well known that young grass is more nutritious than 
that which has passed maturity. This is explained by 
the fact that the quantity of indigestible woody fibre 
rapidly increases as the plants arrive at full growth. For 
this reason, it is desirable to cut the grass intended for 
hay as early as possible ; since a delay at this critical period 
may greatly reduce the nutritive value of the crop of hay. 
The quality of hay is often deteriorated by prolonged wet 
weather, and other circumstances over which the farmer 
has no control. In the case of damage by rain, the 
soluble matters are washed out, in some cases leaving 
little else than the woody fibre of the stems. Moreover, 
in these cases, the hay is always more or less injured by. 
incipient decay. 

The growth of the grasses tends to improve and enrich 
he surface-soil, and, as before hinted, is one of the means 
provided by Nature for the amelioration of nearly all 
ernde or new soils. By the successive growth and decay 
of the plants composing the natural herbage,—which 
sooner or later springs up whenever masses of earthy 
material are exposed to the weather, the upper layer of 
earth accumulates, is slowly converted into a soil more 
or less capable of rewarding the labour and skill of the 
husbandman. 

The production of a fertile soil from a barren surface of 
earthy material by the prolonged growth of grass, is 
strikingly exemplified in the case of several of our finest 
pasture lands, which in many cases rest upon beds of clay, 
whose surfaces have by this means become covered by a. 


220 AGRICULTURAL CHEMISTRY. 


rich, deep mould. The habits of the grasses on which this 
useful effect depends may, to some extent, be explained 
as follows: these plants are remarkable for the large 
quantity of roots they produce during their growth, and 
for their ability of collecting the fertilizing materials 
existing in the atmosphere. By the large surface of 
leaves these plants expose to the air, they are enabled to 
collect the greater part of the carbonic acid they require 
for their growth from the air; and, to a less extent, also, 
the more valuable ammonia. The mineral subsiances 
they require are supplied by the soil, as in the case of other 
kinds of plants; but many of these grasses possess the 
power of seeking for the mineral food they require from _ 
great distances ; they thus ransack the remoter portions 
of the soil, and convey its hidden treasures to the surface. 
‘On the decay of these plants, the materials they have 
collected from the air are left in the soil, which is thus 
made richer in organic matter, or humus, while, at 
the same time, the surface-soil is also enriched by the 
mineral fertilizing materials brought from the lower 
portions of the soil. The humus and organic remains 
thus contributed to the soil by these plants, apart from 
their chemical effect on the growth of subsequent races of 
plants, materially improve the texture of the soil, by 
loosening and separating the particles of earthy matter. 
We avail ourselves of these useful properties of the 

grasses by introducing a grass crop into the series of crops 
of a rotation. By this means we not only obtain a crop 
of hay or a large quantity of the best sort of green 
fodder, but at the same time our land is greatly improved, 
and better fitted for the growth of the following wheat 
crop. The roots, stems, and leaves of the grasses, on 
being buried in the soil, gradually decay, and supply the 
succeeding wheat plants with all the materials they 
require for their growth, in a highly acceptable form. 
The artificial or temporary meadows cultivated for this 
‘double purpose are generally formed by sowing several 
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sorts of clovers and grasses with a corn crop,—generally 
barley. The grasses thus grown amongst the barley 
during the first year of their growth and the following 
summer, spring up and form a pasture, whose productive- 
ness, of course, depends on the quality of the soil and the 
species of grasses sown. 

The average composition of the commoner varieties of 
clover and other allied plants is as follows :— 


AVERAGE COMPOSITION OF CLOVERS. 


Red White Yellow 
Clover. Clover. Clover. Lucerne. Sainfoin. Vetch. 


DWM ACON oes et ra)eleie ees atale 3 80°640 83°65 77°570 73°41 77° 320 82°16 
Flesh-forming matters 3°606 4°52 4°481 4°40 3°512 3°56 


Heat and fat-produ- 4 2 ae , $ ed 
cing substances .. 13°784 10°26 15°949 19°11 17°438 12°74 
Tnorganic matters (ash)  1°970 1°57 2°000 3°08 1730 1°54 


100°000 100°00 100°000 100°00 100°000 100°00 


Hay of Clover and Artificial’ 


Grasses. 
NWSE? Saar coos peeocoparcenesmeenon Hit 
Flesh-forming constituents ............ 15°81 
Respiratory and fatty matters.......... 37°63 
NV GRI 0G senoadoteonhoconob moguee 22°47 
Mineral matter. ncieterse!s + «elevate 1 -  7'59 

100°00 


Comparison of Artificial Grasses and Clover Hay.— 
On comparing these results with those of the analyses 
of the natural grasses before quoted, we notice, that while 
the general composition is much the same in both cases, 
the artificial grasses contain, on the whole, more water, 
and, at the same time, more albuminous or flesh-forming 
principles than the natural grasses. The produce of 
artificial meadows is subject to the same causes of varia- 
tion as those described as affecting the hay and grass of 
permanent pastures; and the remarks thereon offered 
apply with equal force to the present kind of produce. 
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The produce of pastures, of whatever kind, is either 
cut down and gathered in the form of hay, or is consumed 
by feeding off with cattle. In the former case, where the 

greater part of the produce is directly carried away, the 
land, of course, loses more of its essential constituents 
than when the same produce is consumed on the spot by 
cattle, and a considerable portion of it returned in the 
shape of manure. But even by this latter system, the soil 
is often exhausted to a greater extent than we should at 
first imagine ; since on feeding off with cattle, the amount 
of essential substances permanently retained in the bodies 
of the animals, and, consequently, the extent to which 
the soil is exhausted, depends on the kind and condition | 
of the stock employed in the operation. If the animals 
employed for this purpose are full-grown, and in tolerable 
condition, nearly all the nitrogen and mineral matter 
existing in the fodder will be returned to the soil in their 
excrements ; and so far as the mineral substances and 
nitrogen are concerned, the soil would be in as good con- 
dition after the process as before, the only substance lost 
to the soil being that portion of its carbonaceous matter 
which has been converted into volatile products by the 
respiration of the animals, or that has been deposited in 
their tissues in the shape of fat. But in the case of 
animals that are lean or in bad condition, a portion of 
flesh-forming materials will also be permanently retained 
in their bodies, to make up the increase of flesh con- 
sequent on their arrival at a better state of body. In the 
case of young or growing stock, the loss sustained by the 
soil under these circumstances is still greater, as, in 
addition to the carbonaceous and nitrogenous materials, 
the soil will also have been deprived of the phosphates or 
bone-material required for the enlargement of the bones 
of the growing animals. Again, a corresponding loss ot 
material will follow the pasturing of land by milch cows. 
The nitrogen and valuable mineral salts occurring so 
abundantly in milk will be, formed at the expense of the 
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soil bearing the pasture on which the cows feed. Thus 
we perceive that whenever grass crops are fed off the 
land, the soil incurs a loss of fertilizing materials 
equivalent to the flesh, milk, or other animal produce 
formed through the instrumentality of the stock fed upon 
them. The same principles hold good with all other 
ctops disposed of in the same manner. 

The manures applied to grass land should be of a 
mild, slow-acting description, and all ammoniacal manures 
should be applied only in small doses, and evenly distri- 
buted ; since anything like an overdose of ammonia tends to 
develop a coarse inferior sort of herbage. We notice this 
in the tufts of coarse grass that always spring up when 
the droppings of the larger animals are suffered to lie in 
masses on the pasture where they have been deposited ; 
for the same reason, guano, unless much diluted by 
admixture with other substances, cannot be advantage- 
ously applied to grass land, as it is apt to excite an 
excessive development of grass of a rank, inferior de- 
scription. 

Sainfoin has before been noticed as a crop especially 
adapted for cultivation on thin light soils resting on the 
porous limestone rocks. The usefulness of sainfoin in soils 
‘of this character depends on its habit of sending its roots 
to great distances into the fissures of the subjacent rock, 
and extracting from it the small quantities of mineral 
fertilizing materials it generally contains. The valuable 
materials thus collected are brought to the surface and 
deposited in the various organs of the plant. On the con- 
version of the plants into manure, by feeding off, plough- 
ing in, or otherwise, the surface-soil is enriched by the 
addition of these substances brought up from the depths 
of the subsoil. 

Green Rye is a crop that has lately come into 
favour on account of the fine rich pasture it produces at 
a season when other kinds of grass are scarce. From 
the extraordinary rapidity of its growth, this species of 


« 
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grass gives a pasture in a very short time. It is mostly 
employed for supplying the ewes and lambs with whole- 
some food during the spring months. Recollecting the 
use to which it is applied, we cannot be surprised that 
this crop should have gained the character of being a very 
exhaustive one: it must necessarily be so, when, as is 
usually the case, it is pastured by young animals. 

Green Rape, White Mustard, and Rye, are each useful 
fodder crops ; the former is particularly worthy of notice, 
since, in addition to a considerable proportion of flesh- 
forming materials and the ordinary respiratory principles, 
it contains a larger proportion of oil or fatty matters. 
than is found in most other green crops. This fact clearly 
explains the well-known fattening qualities of rape as a 
food for sheep. The value of green rape as a fodder 
crop is highly estimated by some persons, who even 
recommend it to be occasionally cultivated in place of 
turnips, wherever the soil is good enough to admit of its. 
vigorous growth. » 

Cabbage.—From the numerous useful qualities of this 
plant, it deserves to be more extensively cultivated as a 
fodder crop than it is at present. From the fact of its 
being richer in oil and nitrogenous matter than most 
other kinds of green food, and at the same time very 
succulent, its nutritive qualities are not to be wondered 
at. Cabbage is most valuable as a food for milch cows: 
it increases the quantity and quality of the milk, and 
the butter made from it is free of any unpleasant flavour. 
For other purposes, a more extended use of the plant is 
to be recommended. 

The composition of this and some of the above- described 
plants, is as follows :— 
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COMPOSITION OF 


Green Rye. Green Rape. Cabbage. 
fer “yo ESE pear 75°423 87°050 86°28 
itrogenized substances (flesh- ; ‘ é 
forming constituents) are eit ats8 aus 
Non-nitrogenized matters— 
a. Woody fibre .......... 10°488 3560 
6. Fatty matters ........  0°892 0°649 710 
c. Respiratory substances 9'134 4:000 
Inorganic matters (ash) ...... 1°858 1:608 1°87 


100:000 100-060 100:00 


CHAPTER VIII. 
ANIMAL PRODUCE. 


Havine now made ourselves acquainted with the com- 
position of the vegetable produce raised on the farm, 
either for being carried to market and sold, or for home 
consumption as feeding material for the live stock of the 
farm, we must next consider the chemical principles 
involved in the conversion of this latter kind of produce, 
as grass, hay, roots, &c., into animal products, as beef, 
mutton, cheese, milk, &c. In order to understand the 
composition of these animal substances, and how they are 
formed in the animal system from the vegetable com- 
pounds consumed as food, it is necessary to glance at the 
_ general principles of the animal economy. 

The operations involved in the process of nutritioy, 
have for their object the transformation of inanimate or 
dead matter into living substance. Without entering 
into anything like a detailed description of these opera- 
tions, we may briefly describe them as follows :— 

Q 
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The body of an animal resembles a machine, in so far 
that by every movement of its parts or organs a certain 
amount of substance is worn away or destroyed. In the 
case of a machine, this loss by wear and tear is incessant 
while the machine is in motion, and sooner or later results 
in its destruction ; but in the case of a living machine, as 
we may regard the bodies of animals, this loss of sub- 
stance by exertion or wear is restored and replaced by 
new material, which is constantly provided for the pur- 
pose from the food consumed by the animal. Thus, in 
the bodies of animals, there are two operations constantly 
going forward,—the destruction and removal of old or 
exhausted materials, and the renewal or building up of 
new substance in place of that worn away. In the young 
animal this latter process prevails; and the quantity of new 
material being greater than that removed by exertion or 
exercise, every part of the system is strengthened and 
enlarged, and continues to increase in substance and bulk, 
until the animal attains full growth. These two opera- 
tions being indispensable to the very existence of all 
descriptions of animals, it is clear that some means must 
exist, not only for supplying new material of every sort 
required to build up the several parts of the animal 
frame,—as the bones, flesh, hoofs, &c.,—but also for re- 
moving and carrying away the material which, having 
performed its office, is no longer of use in the system. 
These two primary operations are carried out in the 
animal organism by means of the functions called diges- 
tion, assimilation, circulation, respiration, excretion, &c. 
Without attempting to explain any of these vital pro- 
cesses, it will be well to trace the course of the materials 
consumed in the food to the places they occupy in the 
various organs and secretions of the animal system. 

The food eaten by an animal, after mastication in the 
mouth, is received into the stomach, where, by the 
admixture of several secretions, its nourishing portion 1s 
changed, modified, and altered, so as to adapt it for use 
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in the animal system. Amongst these changes the most 
remarkable is the conversion of the insoluble nourishing 
principles into forms that are soluble in water, and that 
will admit of absorption. In the case of ruminating 
animals, a class to which most of our domestic animals 
belong, these chemical changes in the food are effected by 
a complicated system of stomachs, or rather divisions of 
the stomach, which need only be mentioned in this place. 
The altered food next passes into the intestines or bowels, 
where, by the further addition of the most important 
secretion of the body, namely, the bile, the separation 
of the nutritious from the non-nutritious substances is 
effected, and the former absorbed and collected by a 
series of vessels which finally convey the nourishing 
portion of the food to the blood; the useless matter— 
the woody fibre, &c.—of the food passes on and is ex- 
pelled in the solid excrements. Having reached the 
blood, the soluble matter is carried by it to every part of: 
the frame. The blood penetrates to every part of the 
animal system, and is the source from which every secre- 
tion is derived. Thus the bones, the flesh, the gristle, 
the milk, &c., are each prepared from the materials of the 
blood ; each organ or tissue dips into the blood for the 
materials it requires for its sustenance or growth. ‘To 
compensate for this impoverishment, the blood is enriched 
and its strength sustained by the constant addition of 
new material prepared from the food, as above described. 
The blood is also the vehicle by which the worn-out 
material is carried away, and conveyed to those organs 
whose special office it is to free and relieve the system of 
these waste substances ; but such is the beautiful economy 
of nature, that while, on the one hand, useless materials 
are removed from a place where their presence is an 
encumbrance, they are by the same organs converted into 
compounds altogether as useful and indispensable i some 
other department of the system. Thus, for instance, the 
liver is one of the most important organs of the body, 
Q 2 
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inasmuch as, while it relieves the blood of a certain kind 
of impurity, at the same time it prepares from those 
impurities the bile, one of the secretions indispensable 
for the proper digestion of the food. Another of these 
organs, appointed for freeing the blood of its impurities 
and at the same time performing an indispensable office 
in the general economy, are the lungs. In these organs 
the blood, containing carbonaceous matter, is brought in 
close proximity to the atmospheric air, so that the com- 
bustible substances of the blood—the carbon and hydro- 
gen—combine with the oxygen of the air, and form their 
respective oxides, which escape in the breath expired, as 
noticed in a previous chapter ; at the same time, by this 
combination, heat is liberated, which, distributed by the 
circulation of the blood, quickly pervades the entire 
organs, and by its presence promotes the healthy action 
of all the animal functions. So important is the presence 
in the system of a due amount of heat or warmth, that 
a considerable portion of the natural food of animals 
consists of materials whose only purpose seems to be for 
supplying the lungs with respirable materials, or, in 
other words, for providing fuel for this slow process of 
combustion. The substances alluded to in the foregoing 
analyses, under the name of respiratory or heat-giving 
principles, belong to this class of bodies. An arrange- 
ment has been provided by nature for economizing this 
respiratory material ; whenever more of these compounds 
are supplied to the blood than can be disposed of by 
oxidation in the lungs, the extra quantity is stored up in 
the shape of fat. Hence these respiratory compounds— 
as oil, sugar, starch, &c.—are also called fat-producing 
substances. ,From the above brief sketch of the opera- 
tions involved in the process of animal life, we may arrive 
at the following conclusions :— 

1. That as every movement of the animal body is 
attended by a waste of substance, and as this waste can 
only be made good from materials supplied in the food, it 
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follows that the greater the amount of exertion an animal 
undergoes, or the harder it is made to work, the more 
food it will require, and which, if not supplied, the health 
of the animal will be impaired. 

2. That as the nourishment of an animal depends upon 
the amount of food digested, and not upon that eaten, 
it is clear that, however rich in nourishing principles a 
particular kind of food may be, unless it is also digestible 
it will be of little service in the animal system. Further, 
it is known that the digestibility of food varies with 
different kinds of animals; so that what may be wholesome 
food for one sort of animal may not be so for another. 
For this reason the value of feeding materials cannot 
always be judged of from their composition. 

3. The food must contain materials capable of building 
up and renewing the muscles, bones, and tissues, and every 
part of the animal body wasted by exertion; it must 
also contain materials for sustaining the process of respira- 
tion and for producing fat. This latter substance, although 
invariably present in the animal system, is increased in 
quantity whenever the amount of respiratory materials 
supplied exceeds that required for the production of heat 
in the lungs: thus, the superabundance of respiratory 
food is stored up and preserved in the shape of fat until 
required. 

In many respects the composition of the bodies of 
animals resembles that of plants. In each race of beings 
we find the same ultimate elements, in many cases 
arranged in the same groups ;—the chief difference con- 
sists in the relative proportion of the two principal kinds 
of compounds so often referred to as nitrogenous and 
non-nitrogenous principles. In plants, the simpler car- 
bonaceous or non-nitrogenous substances, as starch, woody 
fibre, &c., form by far the greater portion, and the choicer 
albuminous or nitrogenous compounds form but a small 
proportion of their bulk. In animals the reverse is the 
case : the bulk of animals consists of complex nitrogenous 
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compounds, while the simpler carbonaceous substances are 
present only in small quantities. As in the case of plants, 
the bodies of animals contain a large proportion of water 
(generally speaking, about 75 per cent.), and the dry 
substance consists of organic or combustible matter, and 
imorganic or mineral substances. The organic portion of 
animal matter is remarkable for the large proportion of 
nitrogen it contains ; the mineral portion consists of the 
same materials which compose the ashes of plants, but 
differently arranged. It need scarcely be said that the 
following general remarks apply more particularly to the 
domestic animals usually reared on the farm. 

The organic portion of animals, like that of plants, con- 
sists of a number of organized compounds or proximate 
principles ; these compounds, together with certain of 
the mineral constituents, make up the various organs 
of which the animal structure is composed. Many 
of the proximate principles found in the bodies of 
animals are identical with those existing in smaller 
quantities in plants ; indeed, as before hinted, plants pre- 
pare these compounds for the use of animals ; for in- 
stance, there is a substance found in the blood of animals 
called fibrin, which is closely allied to the gluten of 
grain. Again, albumen is another constituent of the 
blood of animals, and is also found in the juices of vege- 
tables; as in cabbage, &c. Another instance may be 
mentioned in the case of casein, or the curd of milk. 
This substance is chemically identified with legumen, the 
nitrogenous principle of pease, clover, &. Besides these 
materials, directly derived from plants, there are found 
in the bodies of animals certain compounds peculiar to 
animal life: in most cases these are secondary products, 
or combinations produced from the partial destruction 
of the primary or albuminous compounds. Foremost 
amongst this class of animal compounds is gelatine, the 
material of which skin, horn, tendon, and the organic 
portion of bones, &c., are made. Another important con- 
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stituent of the animal body is fat. This compound is 
supplied ready-formed in feeding materials, and is also 
prepared in the animal organization from starch, sugar, 
and other respiratory materials of the food. 

The inorganic or mineral portion of animals is re- 
markable for the large proportion of phosphate of lime it 
contains. This material exists chiefly in the bones, nearly 
two-thirds of which consist of this substance. The 
necessity of some earthy material to give strength and 
rigidity to the bones of the animal frame is obvious ; but 
why phosphate of lime should have been selected for this 
purpose, we cannot surmise. 

In less abundance, mineral substances are present in 
every part of the animal organism. In blood, flesh, 
nerves, &c., mineral salts exist as essential constituents. 

As all the above-mentioned constituents of the animal 
frame, both organic and inorganic, are constantly being 
worn away and diminished by exertion and labour, and 
can only be renewed from the food, it is clear that to pre- 
serve an animal in a state of health, the food supplied to 
it must contain in sufficient quantity all the materials 
provided by nature for this purpose. If improper food is 
supplied, or, in other words, if any of these several 
materials are omitted, more or less derangement must. 
ensue. Thus we may conclude that mixtures of sub- 
stances containing a due proportion of each of the 
materials required in the animal economy, is the only 
kind of food upon which an animal will thrive, or, for any 
length of time, exist. Of course the composition of the 
food supplied to domestic animals may be varied to suit 
the purpose we wish them to perform. For instance, in 
the case of fattening cattle, the food supplied should con- 
sist for the most part of fat-producing materials, because 
little exhaustion of muscular structure is incurred by 
animals under these circumstances, and the greater part 
of the food supplied will be disposed of in the develop- 
ment of fat. On the contrary, in the case of working 
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horses, their food should contain a large proportion of 
flesh-forming materials, to make good the waste of sub- 
stance consequent on the prolonged exertion these animals 
undergo. 

Regarding animals merely as sources of beef, mutton, 
and other kinds of animal diet, they consist, for the most 
part, of bone, flesh, and fat. The first-named of these 
materials has already been sufficiently described ; the 
two latter must now occupy our attention. 

When the flesh or lean part of meat is washed in 
running water for a length of time, everything soluble 
will be removed, and a white stringy substance left. This — 
substance is called fibrin, because it forms the greater 
part of the fibres of muscles. The flesh consists of 
various soluble matters distributed through this fibrous 
substance, the red colour being due merely to the blood 
left in the smaller vessels. The soluble substances of 
flesh constitute its most valuable portion when consumed. 
as human food. The juice of flesh is found to contain 
several highly valuable mineral salts, albumen, and a 
peculiar principle called kreatin. Its general compo- 
sition may be stated :— 
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The cooking of meat should be done in a manner 
that prevents the loss of the highly-nutritious soluble 
matters. For this reason stewing is the most economi- 
cal way of cooking meat; and boiling, for the, same 
reason, the most wasteful. At the same time, by proper 
management, the loss of valuable soluble matters from 
meat by boiling may to a great extent be avoided by 
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recollecting the following facts, which may not be known 
to every one :—Amongst the soluble matters found in 
meat is albumen; this substance, which at ordinary 
temperatures is soluble in water, possesses the peculiar 
property of becoming insoluble, or of coagulating, by 
heating. We must all have noticed this property of 
albumen in the white of eggs, which consists almost 
entirely of this substance. 

If meat is placed in cold water, and the whole gradually 
raised to the requisite temperature for cooking the meat, 
a great loss of nourishing materials is incurred; since 
the water will have an opportunity of extracting and 
dissolving a great portion of the soluble and more valua- 
ble constituents of the meat; but if the meat is placed 
at once in boiling water, the albumen contained in the 
outer layer of the meat will be coagulated, or become 
solid, and thus form a shell or case, which prevents the 
removal of the soluble materials contained in the inner 
portions of the meat. But, as is well known, this latter 
plan is incompatible with good cookery ; the meat by this 
treatment is known to become “ hard,”—a quality, of alk 
others, that should be avoided in articles of animal diet. 

The proper way of boiling meat seems to be to make 
a portion of the water boil in the vessel that is to re- 
ceive the meat, then to add the meat, and boil for a few 
minutes, and now add more cold water, until the tem- 
perature of the whole is reduced to that best suited for 
cooking the meat: this temperature is about 160° of the 
thermometer. 

The fat of animals is found to consist of two distinct 
kinds of fat, one of which is fluid, the other solid. The 
vrevalence of one or other of these fats gives the distinc- 
tive characters to the different fats peculiar to particular 
species of animals, or to the different kinds of fat met 
with in various parts of the same animal ; for instance, 
the fat of pigs contains a larger quantity of the fluid 
variety of fat than that of oxen or sheep: hence it is 
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softer and less firm. Again, the fat surrounding the 
kidneys of sheep and oxen, commonly called suet, is 
harder and more solid than the fat of other parts of their 
bodies. The fluid portion of fat is called oleine: this 
substance can be extracted from most natural fats by 
pressure. It resembles oil in its external properties, and 
is manufactured and used for the same purposes as oil, 
which indeed is merely a kind of fat in which the fluid 
part predominates. The solid portion of fat consists 
chiefly of stearine or of margarine. The former substance 
is the prevailing constituent of mutton and beef fat: it 
is prepared on a large scale from these substances for the 
manufacture of stearine candles. Margarine is the solid 
fat of butter, and constitutes the greater part of the fat 
of some animals, including man. 

Having now described the’ general properties of the 
flesh of animals as supplied for human food, little remains | 
to be said of the individual character of the flesh of 
particular species of animals; since these differences 
depend more upon the mechanical texture of the flesh 
than upon any difference in composition ; yet, at the same 
time, the characteristic flavour of the flesh of diflerent 
domestic animals might, no doubt, be traced to the 
presence of minute quantities of peculiar organic prin- 
ciples. The flesh of the same kind of animals is also 
subject to great variation, depending on the age, sex, 
condition, habits, and breed of the individual, and, to a 
greater extent, on the kind of food used in feeding. The 
value of meat as human food is regulated by the amount of 
nourishing principles it contains, as well as by the degree of 
facility with which these substances can be digested. The 
flesh of game generally possesses both these qualities in a 
high degree ; and as, moreover, it yields, on cooking, a 
larger quantity of flavouring matter than most other 
kinds of meat, we are justified in supporting the high 
character of this description of animal food. 

Milk, Butter, and Cheese—As one would naturally 
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imagine, the secretion provided by nature and supplied 
by the mother to her offspring, corresponds in its com- 
position to that of the young animal it is intended to 
nourish. Milk is particularly rich in every kind of 
material required for the development of the animal 
frame; it contains nitrogenous or flesh-forming sub- 
stances, respiratory compounds, and the valuable mineral 
salts required for the formation of bones and other 
parts of the system. Moreover, all these substances are 
of the best description, that is to say, are of a kind that 
can readily be assimilated by the yet feeble organs of the 
young animal ; and, further, the proportions of these con- 
stituents are adjusted to the wants and. capabilities of the 
animal at this early stage of its existence. 


COMPOSITION OF MILK AND CHEESE. 
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The milk of different animals varies as much in its 
external properties—its colour, taste, density, &c.—as 
in its composition. As the milk employed in the pro- 
duction of butter, cheese, and all other dairy produce is 
exclusively that of the cow, the following remarks 
apply more particularly to that kind of milk. 

Milk is said to be a natural emulsion, or a fluid con- 
taining a number of fat globules diffused throughout its ° 
substance. As these particles of fat are insoluble in 
water, they give rise to the opaque white appearance 
common to all descriptions of milk. On standing, the 
greater portion of the fat globules rises to the surface 
and forms the cream. The globules of fatty matter are 
inciosed in little skins or shells ; by violent agitation 
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these coverings are broken, and the fatty matter collects 
together in the form of butter. The composition of milk 
of course varies to as great an extent as any other kind 
of agricultural produce, being affected by the food supplied 
to the cow, the breed of the cow, its state of health, the 
treatment its receives, time that has elapsed since calving, 
time of milking, and a variety of other circumstances 
which need not even be mentioned here. 

By referring to the foregoing table, we notice that the 
bulk of milk consists of water, the solid matter it con- 
tains being either suspended in it, as in the case of the 
fatty matter, or dissolved in it, as the casein or cheesy 
matter, sugar, and saline or mineral matter. We have 
already noticed the form in which the fatty matter or 
butter occurs in milk. The casein or cheesy matter of 
milk is a substance belonging to the natural group of 
albuminous or nitrogenous compounds so often referred 
to as flesh-forming materials. Casein resembles very 
closely the allied compounds already described, as gluten 
of wheat, albumen, legumin, &c. This substance is in- 
soluble in pure water, but soluble in water containing 
alkalies, as potash and soda; hence the casein of milk is 
kept in solution by a small quantity of soda also present 
in the milk. If by any means we remove or overcome this 
alkaline substance, the casein is separated in an insoluble 
form. This operation takes place when milk is curdled. 
Thus we perceive that one of the purposes fulfilled by 
the mineral or saline constituents of the milk, is to 
keep the casein in solution. The primary office of the 
mineral substances is, however, to supply bone material 
to the young animal the milk is intended by nature to 
nourish. Hence, amongst other valuable mineral sub- 
stances it contains a large proportion of phosphoric acid, 
the material, it will be remembered, so essential in the 
formation of bone. 

The sugar of milk imparts to it the well-known sweet 
taste ; but the sugar found in milk is somewhat different 
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from that prepared from the sugarcane, or from. that 
belonging to fruits. Milk sugar, when separated from 
milk by suitable means, is a hard white substance, much 
less crystalline and sweet than ordinary sugar. Milk is 
an exceedingly unstable mixture. As it is intended by 
nature to be at once transferred from the receptacle of the 
mother to the body of the young animal, no provision is 
made for its preservation when removed from the living 
structure. Hence, by exposure, wnilk quickly undergoes 
spontaneous change ; and if left for any considerable time, 
these changes are so extreme as to render it unfit for an 
article of diet. The first of these spontaneous changes is 
the turning sour or becoming acid, and a consequent 
eurdling or separation of the casein or cheesy matter. 
This change is due to the formation of a peculiar acid 
called the acid of milk, or lactic acid, from the materials 
of the sugar of milk. This transformation in the sugar of 
milk is effected by the cheesy matter, which first under- 
goes alteration, and communicates the disturbing influence 
to the sugar ; just as in the fermentation of beer or bread, 
it is the yeast that first sets up the tendency to change. 
This same acid is one of frequent occurrence in other 
mixtures than milk : the sour taste of brewers’ grains or 
of raw malt, and the mash on which pigs and other cattle 
are fed, is due to the presence of this lactic acid, which is 
always found when vegetable substances of this descrip- 
tion ferment. The simultaneous curdling of the milk 
with the formation of this acid is explained by the fact 
already pointed out in connection with the properties of 
casein. As casein is only soluble in the milk so long as 
an alkali is present to sustain its fluid form, it follows, 
that as the first effect of an acid formed in the mixture 
will be to neutralize this alkali, the curd or casein being 
now left without a supporter, must separate. The same 
effect can be produced artificially by the addition of any 
other acid; as vinegar, muriatic acid, éc. The separation of 
the curd is, however, most advantageously effected by the 
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addition of some substance which rapidly effects the separa- 
tion of the cheesy matter, without exciting any other less 
desirable change: such a substance is rennet, the pre- 
pared membrane of the stomach of a calf. 

Having now stated the general properties of milk and 
its contents, let us glance at the almost indispensable com- 
modities prepared from it ; viz., butter and cheese. ; 

Butter consists for the greater part of the fatty matter of 
milk, but it also contains variable quantities of all the other 
substances found in milk. This is because the separation 
of the butter from the milk is always moreor less imperfect. 
Hence we find in butter small quantities of water, sugar, 
cheesy matter, &., accidentally present. By repeated 
melting, straining, and agitation with water, these im- 
purities may be removed, and pure butter obtained. The 
fat of butter, like that of the bodies of animals, consists 
of a solid and fluid portion: the former consists of the 
fatty substance called margarine, the substance before 
alluded to as forming a portion of the fat of certain 
animals ; the fluid portion consists of a variety of oleine. 
Besides these more abundant constituents, there are pre- 
sent smaller quantities of other fatty compounds, to'which 
the pleasant taste and smell of fresh butter are due: it 
is to the formation of similar compounds, also, that the 
disagreeable qualities of rancid butter must be ascribed.. 
The alteration and deterioration of fresh butter by 
keeping is chiefly induced by these impurities, especially 
the cheesy matter it contains. Hence the necessity of 
freeing the butter as completely as possible from these 
substances by washing, kneading, &c. To prevent or arrest 
these changes, it is common to impregnate the butter 
with various saline substances, amongst which common 
salt is most frequently employed. This substance acts in 
the same manner as when employed for the same object 
in the salting of meat ; viz., by hardening and contracting 
the albuminous matter, and preventing its spontaneous 
putrefaction. ‘ 
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Cheese is essentially the casein or cheesy matter of milk, 
mixed with variable quantities of fatty matter and the 
other constituents of milk, more or less changed by in- 
cipient putrefaction. The richness of cheese, apart from 
the natural qualities possessed by the milk from which it 
is made, depends, in a great measure, on the amount of 
fatty matter or cream left with the milk before curdling. 
If cream predominates, the luscious but unstable cream 
cheese is formed ;—if an additional quantity of cream 
is added to the natural milk, the more permanent and 
much esteemed Stilton is obtained. When the entire 
milk is used, such cheese as Chedder, double Gloucester, 
&c., results. If a portion or all of the creamis removed 
from the milk before being curdled, cheese of a corre- 
sponding quality is obtained. 

The quality and richness of cheese are influenced by a 
host of circumstances; amongst which the character of the 
soil, the method of preparing, and the subsequent treatment, 
are prominent. The characteristic flavour of particular 
kinds of cheese is imparted by minute quantities of certain 
essences, produced by the mutual reaction of its con- 
stituents during the period of keeping. While many of 
these changes are understood, and can, to some extent, be 
regulated, the greater number are still enveloped in 
mystery, and at the present time are unexplored regions 
of Agricultural Chemistry. 
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AGE. He Nelyilexer, 
ON THE PRESENT CONDITION OF ARTIFICIAL 


MANURES, 


WITH HINTS FOR THEIR ECONOMICAL EMPLOYMENT, 


APPENDIX, 


InTRODUCTORY REMARKS. 


Amonest the modern improvements in agriculture 
mone are more striking thar the mode and extent of 
manuring by means of artificial manures. Even within 
the last five or six years the increase in the consumption 
of these articles has been very great, and which, with 
their still increasing employment, sufficiently testify to 
their general efficiency in augmenting the natural pro- 
ductiveness of the soil : hence we must regard artificial 
manures not only as a valuable auxiliary to the cultiva- 
tor of the land, but as a means which materially con- 
tributes to the general prosperity of the country by 
greatly increasing the home supplies of all kinds of 
agricultural produce. 

Although guanos and other imported manures have 
been, on the whole, more largely used of late years, the 
extension above referred to has consisted in the main of 
a great development of the superphosphate manufacture, 
or the production of all those phosphatic manures pre- 
pared either from the various native and foreign mineral 
phosphates, or from these in conjunction with bone, 
bone-ash, &c., by means of sulphuric acid, or oil of 
vitriol. The increase of late years in this branch of 
industry has been truly surprising, and has now reached 
an extent which could hardly have been dreamed of not 
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much more than five-and-twenty years ago, when the first 
attempts to reduce to practice, on the large scale, the 
valuable suggestion of Liebig to render bones more » 
serviceable as manure by means of sulphuric acid, were 
struggling into existence against the prejudice which it 
is the fate of all innovations to encounter ; while the 
still bolder attempts to render coprolites, or “pebbles,” 
as they were jocularly called, available in the same 
manner, no doubt provoked a smile of incredulity from 
many a farmer who now applies to his fields, with a 
sound and well-founded belief in their efficiency, manures, 
only more skilfully prepared, from the same apparently 
unpromising materials. 

In many manure works as much as ten or twelve thou- 
sand tons of superphosphate are now made during the 
season, while in a few the annual quantity manufactured 
amounts to as much as between thirty and forty thousand 
tons. It is especially in respect to the native and foreign 
sources of phosphate of lime, such as Cambridge Coprolites, 
Sombrero Phosphate, Estremadura Phosphate, German 
Phosphate, &c., that the greatest improvements have been 
made, as we shall presently point out, so that these mate- 
rials now to a great extent supersede bone-dust, which was 
at one time thought to be the only legitimate phosphatic 
material of which to prepare superphosphate and similar 
manures. Although bone-dust must still be considered 
an important raw material in connection with this class of 
manures, the prejudice until lately very prevalent, but 
now rapidly disappearing, in favour of its exclusive use, is, 
as we shall endeavour to show, not only erroneous, but 
calculated to lead to the disadvantage of those who act 
upon it. Bearing in mind the greatly increased demand 
for phosphatic manures of this description, consequent 
on their universally beneficial effects in the field, and 
which would never otherwise have been met, and the 
reduction effected in their cost at the same time, with 
many other practical advantages which the command of 
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these manures affords, we perceive that the means of 
rendering available for our present use the stores of 
phosphate of lime laid up by Nature for thousands of 
years in a miveral form, constitutes without doubt 
the greatest boon conferred by modern chemistry to 
agriculture. 

Again, the introduction of steam cultivation—perhaps 
the greatest stride made in modern agriculture—has 
given a further impetus to the employment of artificial 
manures, since the deeper and more perfect tillage 
thus attainable allows of a more liberal employment of 
them, with the certainty, under ordinary circumstances, 
of their yielding a proportionately increased return. 
This is especially the case on heavy clay soils, which, by 
the free use of suitable artificial manures, in conjunction 
with steam culture, may be brought to yield remarkably 
luxuriant and remunerative crops of corn. In other 
districts, also, the use of such manures for barley is now 
more widely extended; and, notwithstanding the in- 
creased outlay thus entailed, the practice is found to pay, 
although it might have been regarded some years ago as 
at least venturesome. 

The employment of artificial manures having thus 
gained additional importance in agriculture, and the 
number and variety of these articles, from which the 
farmer has to choose, having so much extended, it is pro- 
bable that any information likely to effect.a saving in the 
cost of these articles, while still preserving, or, if pos- 
sible, increasing their practical efficacy, may not be 
unacceptable to the agriculturist, in whose annual business 
expenditure the cost of artificial manures forms in many 
cases a no inconsiderable item; or to others, concerned 
with agricultural improvement from less interested 
motives. 
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RETROSPECTIVE OUTLINE OF THE ACTION OF 
ARTIFICIAL MANURES. 


The general effects of the following artificial manures 
will be best understood by bearing in mind what has been 
said in the foregoing pages of the connection between the » 
principal constituents of manures (which for simplicity we 
may here regard as phosphoric acid and nitrogen) and 
cultivated produce. Thus we have seen that the al- 
buminous compounds of plants, or the flesh-forming 
principles of food, all contain nitrogen as their character- 
istic constituent, as well as smaller quantities of © 
phosphorus (derived from phosphoric acid) in combi- 
nation with the commoner organic elements—carbon, 
hydrogen, and oxygen. Again, phosphoric acid com- 
bined with bases, especially lime, forms a considerable 
proportion of the ash or mineral portion of all kinds of 
agricultural produce. 

The constant removal of phosphoric acid and nitrogen 
from the soil by these means, especially the former, 
of course tends to lessen their amount, which even in the 
best of soils is but small; hence the necessity of re- 
placing them by means of nitrogenous and phosphatic 
manures. But by means of these manures we are en- 
abled not only to replace what has been removed, but by 
adding more, to increase their proportion ; thus gaining a 
higher standard of fertility from which more productive 
crops may be calculated on. 

The indirect effects of these elements of fertility are no 
less important ; thus we may regard nitrogen as a key by 
which the natural stores of potash, &c., in the unde- 
composed minerals of the soil, are unlocked and made 
avaliable; while by using phosphatic manures for our green 
crops, we are enabled. to gain supplies of nitrogen from 
atmospheric sources ; for which reason phosphatic manures 
must be considered as the more generally important. 
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Phosphoric acid, and to a less extent nitrogen, may thus 
be regarded as the more choice description of plant food, 
which the cultivator of the soil has to purchase to feed 
his crops, so to speak, in order that they may proceed 
vigorously with their work of organizing or building up 
the more abundant elements of food, everywhere present 
in the atmosphere and water. For we should not forget 
that by far the greater part of all food, whether of man or 
animals, is thus beneficently prepared from air and water 
through the instrumentality of plants, and upon which 
we are utterly dependant, since no chemistry of our own 
can produce even a blade of grass ; although, to quote 
the old saying, “it can make two blades grow where one 
grew before.” 


PuHospHatic MANURES. 


The universal efficacy of superphosphate, and the 
manures supplied under other names in which it is the 
basis, is sufficiently well known and explained by the 
facts we have just briefly noticed. Its value for the root 
crop especially, upon which in the present system of 
agriculture so much depends, can scarcely be overrated, 
and the means it affords of increasing our stores of 
available nitrogen, by the green crops, as just pointed 
out, furnishes a resource which is yet hardly sufficiently 
appreciated by the majority of practical men. 

Asbefore intimated, the advancement made of late years 
in the production of. superphosphate and other phos- 
phatic manures, consists more essentially in an extension 
of the application of mineral phosphates to their 
inanufacture. The principal advantages so gained may 
be thus enumerated :— 

1. The production of manures with a much higher 
proportion of soluble or available phosphate of lime 
than could be made from bone-dust. 

2. The preparation of much drier, more uniform and 
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pulverulent manures—or a superior “mechanical con- 
dition” which adds materially, as we shall presently per- 
ceive, to their practical value. 

3. The more economical and advantageous employ- 
ment of bone-dust by using it in conjunction with these 
mineral phosphates; the latter for giving the soluble 
phosphates, while the bones furnish a valuable insoluble 
phosphate and also some nitrogen: many of the best 
bone manures now in use are of this description. 

4, A considerable reduction in the cost of manures 
so prepared. 

5. The production of manures, or the conversion to a 
manageable condition in less time than formerly. 

Before describing how these results are carried out, a 
brief account of some of the more important mineral 
sources of phosphate of lime above alluded to may not 
perhaps be uninteresting. The principal in common use 
are Cambridge Coprolites, Sombrero Phosphate, Estre- 
madura or Spanish Phosphate, and German Phosphate ; 
also, of less importance, Suffolk and Bedfordshire Copro- 
lites, Welsh Phosphate, with several others, only occa- 
sionally met with in small quantities. The mineral 
phosphate called Apatite, from Norway, was also at one 
time largely used in this way, but is not, I believe, at 
present imported to the same extent. It is interesting, 
however, from having been amongst the first materials of 
this description employed. 

Cambridge Coprolites, which are at present the prin- 
cipal kind of coprolites employed, occur in layers near the 
surface in several parts of the county from which they 
derive their name, and adjacent districts, and occur as 
small bluish-gray nodules. They are believed to be the 
fossil excrements of saurians and other antediluvian 
animals which must have existed in immense numbers to 
have produced the beds now being drawn upon for the 
supplies at present consumed in the preparation of 
superphosphate. 
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Sombrero Phosphate and also Navassa Phosphate 
are brought from the West Indies, and are said to be the 
materials of which the entire islands are composed. Unlike 
coprolites, they occur in large masses, having a porous 
texture and presenting some varieties of tints; they are 
believed to be fossil guanos, and as there appears to be 
an abundant stock of them (many valuable materials of this 
description have been discovered which prove to be of no 
practical value from their small quantity), they form at 
present valuable sources of phosphate of lime. 

Estremadura or Spanish Phosphate has long been 
known as an extensive deposit of phosphate of lime, but 
has only recently found a means of transit to the coast, 
whence it is largely imported into this country. It has 
a different structure to the Sombrero Phosphate, occurring 
in Jaminated masses and of a uniform white or yellowish 
white colour. : 

Suffolk Coprolites are amongst the first known phos- 
phatic minerals and occur in large quantities ; but, like the 
later discovered Bedfordshire Coprolites, and also similar 
ones from Yorkshire, are not very extensively used, owing 
to their containing so large a proportion of oxide of iron 
and silicious matter, as will be seen in the accompanying 
analyses, and which materially interfere with their suc- 
cessful employment. 

\ The Welsh Phosphate, also recently discovered, and 
which was at first thought would form a valuable 
addition to our stock of available native phosphates, is 
likely to be of little practical service from the same 
cause. The following are fair examples of the above 
materials, which vary, however, in different samples : 
the mode of analysis here represented being that found 
necessary and now generally adopted for determining the 
commercial value of the different samples purchased for 
the above purpose. 
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These materials having been very finely ground by the 
powerful and more complete machinery found in the 
course of experience to be necessary (a degree of fineness 
almost equal to that of flour being requisite), they are 
subjected to the action of sulphuric acid or “oil of 
vitriol,” as noticed in the earlier portion of this volume, 
but with improved mechanical appliances for insuring a 
more perfect decomposition of the mineral phosphates of 
. lime, upon which the success of the process depends, when 
the chemical change there represented takes place while 
the carbonic acid and other volatile products are driven 
off. So soon as the mixture has dried up, which it does 
very quickly under skilful management (often in twenty- 
four hours), we obtain a manure having a composition 
similar to the examples given below which represent 
superphosphate thus prepared without bone-dust ; those 
containing this material will be spoken of presently under 
the head of “ Dissolved Bones” and ‘‘ Bone Manures,”’ 
these being the terms now generally in use to distinguish 
such manures, the term superphosphate being often now 
understood to mean manures prepared as above without 
bone. 

We are thus enabled to procure at the present time 
superphosphates containing about 33 per cent. of phos- 
phate, of which 23 to 28 per cent. is made soluble, and 
with all that can be desired in the way of mechanical 
qualities, at a cost averaging about £6 per ton, or even 
less ; while for higher though equally reasonable prices 
manures with 32 to as high as 40 per cent. of soluble 
phosphates are to be had, as shown in the annexed table ; 
those of the former quality are however most generally 
advantageous. 
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A difference will be noticed in the wording of the 
analyses now given, and as at present most adopted, 
and those quoted in the earlier part of the book. The 
inappropriate though received term “biphosphate” is 
still retained to express the form of phosphate as existing 
in the manure, but “soluble phosphate” is now more 
understood to mean the tribasic or ordinary phosphate of 
lime (bone-earth) rendered soluble by acid ; hence we no 
longer say biphosphate o7 soluble phosphate of lime. Thus 
theexample No. 1 just given we should say contained 26:88 
per cent. of soluble phosphate ; and again, in cases where 
a complete analysis is not made, but the amount of 
soluble and insoluble phosphates only determined, the 
quantity given as soluble phosphates always means the 
quantity of bone-earth* or common phosphate of lime 
rendered soluble, and not the biphosphate. 

Again,'with regard to the “water of combination,” a 
slight difference should be here explained. Water of 
combination signifies the water chemically taken up by 
the sulphate of lime in “setting,” or solidifying, which 
is then said to be “hydrated,” and is different to that 
present merely as moisture which can be driven off in 
drying, while the former cannot ; sulphate of lime in this 
condition is also called “ gypsum,” and is better known as 
“plaster of Paris,” which becomes gypsum after it has 
been used to prepare plaster casts, &c. 

Ii is to this property of sulphate of lime, insignificant 
as it may at first appear, or its power of taking up 
chemically about a fourth of its weight of water, besides 
what it absorbs as moisture, that superphosphate and 


* The term bone-earth is used because phosphate of lime of this 
description is the characteristic constituent of the bones of animals, 
which were formerly the only source of it, whence phosphorus and 
its compounds used in the arts and medicine, &c., were obtained. 
In every portion of the bodies of animals, however, including our 
own bodies, the phosphates and their constituents are intimately 
and mysteriously connected ; hence their importance in food, &c. 


254 AGRICULTURAL CHEMISTRY. 


similar phosphatic manures, owe one of their most valu- 
able properties, viz., that of drying up or solidifying 
spontaneously (as we have mentioned, in so short a time as 
twenty-four hours, from a fluid mass), and without which 
they would never have become so valuable in agriculture. 

In the more recent analysis it will be observed this 
water of combination is coupled with the organic matter 
(the nature of which has been described under “ Soils” 
and elsewhere), the value of which is. shown by a direct 
determination of nitrogen, from which the ammonia is 
calculated. It should also perhaps be mentioned that 
although sulphate of lime is usually classed amongst the 
unimportant constituents of superphosphate, it possesses 
a certain value as manure, especially for clover and 
allied plants, and on some soils in which it is deficient exer- 
cises a marked improvement. An impression is also very 
common that the gypsum occurring in large quantities in 
all superphosphates is put in ; although this is occasionally 
true as regards certain bone-manures which it is used to 
dry up, it is formed in all ordinary cases from the decom- 
position of the phosphate of lime by the sulphuric acid 
used, as shown at page 251. The small quantity of 
alkaline salts and “insoluble” or sandy matters, are also 
derived from the phosphatic materials employed. 

In thus preparing superphosphate from the mineral 
phosphates, it is the object of the manufacturer to reduce 
the greatest possible quantity of the phosphate of lime 
present to the soluble condition, since that which is left 
undecomposed is assumed to be of no value as manure, 
and is generally left out of consideration in judging of 
the value of such manures. All technical details of the 
process which have for their object the attainment of 
this end with the greatest economy of acid, &c., would 
obviously be out of place in a book of this character, but 
I shall be happy to supply such information on applica- 
tion, free of cost, or on other topics connected with 
agricultural chemistry. 
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The question of much importance to practical men, 
and one upon which their impressions are often un- 
decided, as to whether the soluble phosphate made from 
mineral phosphates is equal to that made from bone or 
bone-ash, may be satisfactorily answered in the affirma- 
tive, since repeated experiments made with the view of 
determining this point have plainly indicated the perfect 
equality of phosphate of lime from these sources. 
Moreover, we have only to look around us at the 
luxuriant crops of roots and other produce grown in 
numberless instances solely with manures of mineral 
origin, to relieve our minds of any doubt as to the 
practical advisability of availing ourselves of the advan- 
tages gained by the use of soluble phosphate furnished 
by materials of this description. 

With regard also to the alleged impurities communi- 
cated to the soil by mineral phosphates, there is no 
reason, in my opinion, to apprehend the slightest mis- 
chief from this source. It is true that arsenic 
is sometimes found in the sulphuric acid used in 
preparing these manures (and to which those prepared 
from bone would be equally guilty), and by which it 
might become disseminated through the soil of our fields, 
as brought to notice some time since by a chemical 
authority. From experiments, however, which I made 
at the time, and which were published in the Gardeners’ 
Chronicle, and my observations since, I am of opinion 
that the acid used only rarely contains an appreciable 
amount of arsenic. Moreover, it is then at least doubt- 
ful if plants have any power of absorbing the arsenic so 
communicated. My own impression is that they do not. 

Again, the ammoniacal salts prepared from gas-works, 
when imperfectly purified, have at times a pernicious 
effect on vegetation—entire crops having been known to 
be destroyed by this means; but injury of this kind is of 
rare occurrence, and may be always avoided by a little 
caution in their selection. _ 
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Another point of late under question, though now 
happily diminishing in importance, as to whether the 
bones and offal of animals tainted by cattle plague could 
be safely used for manure. J consider that with due 
care in the mixing operation, so as to insure the bones 
getting the full effect of the acid employed, they 
might be thus used with the greatest safety. Indeed, 
the chemical decomposition of the entire carcass by 
means of boiling sulphuric acid, as carried out to a small 
extent in London during the early period of the late 
outbreak, offers, I think, one of the best means of dis- 
posing of them, as every species of organization, either 
in the shape of the germs of disease or otherwise, would 
effectively be broken up by this process. 

It will be noticed that each of the examples of super- 
phosphates given at p. 251 contains a small quantity of 
nitrogen or ammonia, notwithstanding they are made 
from materials in which this body is absent. This is 
explained by the fact that commercial sulphuric acid 
always contains an appreciable amount of ammonia, 
from which that in the manures is derived. Its amount 
is not in ordinary cases sufficient to affect their value, 
but should nevertheless be shown in the analysis, since 
ammonia may have been added from other sources. 

As well known, superphosphate has acquired its im- 
portance chiefly as a manure for turnips and other root- 
crops, which under nearly all circumstances it is found 
strikingly to benefit. As these crops all require an 
abundant supply of easily available phosphate of lime, and 
as about 33 1b. of such a superphosphate as No. 1 yields 
as much of this fertilizing element as about a ton of well- 
rotted farmyard manure, it needs no further evidence to 
account for the above fact, which a longer practical ex- 
perience on all sides only tends to confirm. Hence the 
universal popularity and uniformity of opinion as to the 
merits of superphosphates. 

When used in conjunction with the more bulky 
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fertilizer just named, a more perfect manuring is of 
course effected than when the superphosphate is used 
alone, although on a vast number of soils the latter 
practice is found to yield the heavy and sound crops of 
roots always so much to be desired. In the former 
case 2 to 4 cwt. per acre is a good dressing; in the 
latter, 3 to 5 cwt. may be used with advantage. By 
putting in practice the hints given in a few pages hence 
under “ Applying Manures,” a considerable saving may 
be effected in the outlay required to manure a crop of 
roots, for, as there explained, a smaller quantity suffices 
if carefully applied. 

For cereal crops superphosphate has of late years been: 
much more extensively used, being found to exercise a 
decidedly beneficial influence, especially when in con- 
junction with ammoniacal manures. Hence the “ Barley 
Manures,” “ Cereal Manures,” “Corn Manures,” &c., now 
so much used, are all essentially superphosphates, but with 
in most cases an addition of some nitrogenous material 
to yield ammonia. The preparation of manures of this 
description by mixing superphosphate with guano, as 
recommended a few pages hence, may therefore be 
regarded as a decided means of increasing the practical 
efficacy of the latter valuable fertilizing material, 
while still affording a material saving in the cost of its 
application. 

For grass-land also superphosphate is now more freely 
used, and with good results. In districts where bone-dust 
is stil purchased for application to grazing land, the 
substitution of this manure for a portion of the bone, say 
three-quarters to half, is found to give a more satisfactory 
result, and often at a saving of cost. It not only 
supplies the grasses with more available phosphate of 
lime, but the sulphate of lime, which, as we have seen, it 
also furnishes in greater quantity, is calculated to im- 
prove the herbage of pastures by encouraging the 
development of the clovers, In “Grass Manures” 

iS) 
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superphosphate is therefore a usual ingredient; and 
recipes for which will be found under “Nitrate of 
Soda.” 


DissotvED Bones, Bons Manunrezs, &c. 


Superphosphates prepared with bone-dust are still 
largely supplied for use on those soils for which they are 
perhaps more especially adapted, as well as to meet the 
wishes of those farmers whose impressions still lead 
them to give this class of manures the preference. é; 

These terms are not, however, generally understood to 
mean that the manures so called are made entirely of 
bone, but are applied to superphosphates made from 
bone and bone-ash; from bone in conjunction with 
mineral phosphates, and erroneously also, often to those 
made entirely from bone-ash.* 

Bone manures made entirely from bone are now rare; 
indeed, the practical difficulties in the way of manufac- 
turing such manures, and in getting them into a manage- 
able condition, are considerable, and raise the price 
beyond what is now deemed reasonable by the majority 
of buyers ; while, at the same time, it is scarcely possible 
to prepare such manures with the percentage of soluble 
phosphate which is now expected, although it should 
be mentioned that for the reasons just named (which 
apply to a less extent to ordinary bone manures in 
which this constituent is partially used), the percentage 
of this constituent is not as a rule so high as in the class 
of manures last spoken of. 

Bone manures also contain nitrogen and organic 
matter, derived from the gelatine of the bone, hence the 


* Bone-ash or “calcined bones,” as it is sometimes called, and 
also ‘‘ bone block,” or ‘‘animal charcoal,” formerly mentioned, are 
still largely employed in the manufacture of these manures, and 
afford valuable sources of phosphate of lime ; the composition of 
both these materials varies widely in different samples. 
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amount of ammonia in them is greater than in those of 
mineral origin. 

The advantage gained by such manures is supposed to 
consist chiefly in their having a more lasting character, 
since by the slow disintegration of the bones in the soil, 
the phosphate of lime and nitrogen they contain are more 
gradually supplied to the roots of plants throughout 
a longer period than in the case of the superphosphates 
before considered. This is undoubtedly a valuable pro- 
perty of bones as manure in the case of soils of 
a sandy character, in which it is a decided advantage. 
In the majority of soils, however, where there is a fair 
proportion of clay to absorb and retain the soluble 
phosphate until taken up by the plants, its utility may 
be questioned. Owing to this invaluable property of 
soils the plant-food present is safely stored until required 
by the plant, so that, supposing a superphosphate to: 
have been properly distributed through the soil, the 
roots of plants would find fresh supplies of available 
phosphates, so long as they continued extending and 
multiplying, during the whole period of the growth of the 
crop. 

The effects of bones as more lasting constituents of 
manure are brought about by the insoluble phosphates, 
or that portion left in an undecomposed state, since that 
which has been rendered soluble acts in the same manner 
as the soluble phosphates from mineral sources. We 
have seen that the insoluble phosphates of the latter 
class are commonly believed to be of little or no import- 
ance ; we should say perhaps, so far as the buyer of 
such manures is concerned, since to the manufacturer 
they are of importance, inasmuch as the value being 
in such cases determined by the percentage of soluble 
phosphate, all that is left insoluble is a loss to him. In 
bone manures, on the contrary, the insoluble phosphates 
form an item of value, that is, when, as should be the 
case, it is derived from eae 

$ 


260 AGRICULTURAL CHEMISTRY. 


Bone-dust which has thus gone through the mixing 
process, and which, although not chemically dissolved, 
has yet been rendered brittle and friable, as we find 
them in the best bone manure, are superior to bone-dust 
in its usual condition, as it admits not only of readier 
assimilation by the plant, but allows of a more equal 
distribution in the soil, upon which so much of the 
practical value of a manure depends. 

This leads me to remark that in the majority of 
manures of this class the bone-dust used in their manu- 
facture is too coarsely ground, and I have no hesitation 
in saying that the efficacy of such manures would be 
much enhanced by the substitution, in part at least, of a 
finer-ground description of bone-dust. An impression 
is common amongst many manufacturers that farmers 
prefer to see the pieces of bone in manure, and this is 
no doubt one cause of the defect above referred to ; but 
as we frequently find pieces of bone in such manures of 
an inch or inch and a half in length, and which may 
remain undecomposed for years, there is yet room for 
improvement in this particular, while still allowing for 
the scrutiny of those of their customers who prefer the 
evidence of their eyes in buying manures. 

The presence of visible fragments of bone is, however, 
no evidence of the excellence of a manure, since such 
fragments may, and often do, consist entirely of bone-ash, 
which in a coarsely-broken state has the same reticulated 
structure, and cannot often be distinguished by an unprac- 
tised eye from fresh or unburned bone. 

Bone-ash, when used, should be made all soluble, as 
far as practicable, and of which it admits with greater 
ease than most materials of the kind, and on this account 
has long been considered one of the best sources of 
soluble phosphates ; but in an undissolved state, although 
perhaps superior to mineral phosphates in the same 
condition, it is yet very inferior to bone-dust, and is by 
no means a substitute for it. In buying bone manures, 
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therefore, we should bargain for insoluble phosphates in 
Sorm of bone, since that from bone-ash is frequently styled 
“bone phosphate.” The following passage concerning 
manures of this character is here appropriate, and is quoted 
from my report on thirteen samples of manure sent 
to me for analysis by the Barnstaple Farmers’ Club, and 
published in the North Devon Journal of June 14, 1866. 

“Tn some of these manures, it will be observed, a high 
proportion of insoluble phosphate occurs, which consists 
of undissolved bone and bone-ash—the value of the latter 
as food for plants, especially when in the form of 
coarsely-broken fragments, being at best doubtful, at 
least so far as all present effect is concerned ; its addi- 
tion, moreover, to the soil in this state entails a practical 
waste of phosphate of lime, which should be avoided by a 
better mode of manufacture.” 

The best description of bone manures are perhaps 
those made from bone-ash or bone-block to yield from 
23 to 25 per cent. of soluble phosphate, and fine bone- 
dust to give about 10 to 12 per cent. of insoluble phos- 
phate from this source, with about 1 to 13 per cent. of 
ammonia, as shown in the annexed table. 

But little if at all inferior to these are bone manures 
containing a similar quantity of soluble phosphate derived 
from Cambridge Coprolites or other mineral sources, 
with about the same amount of fine bone-dust for 
insoluble phosphates and ammonia. The present price of 
such manures of the first quality is about £7. 10s. per 
ton. The following examples, as well as the super- 
phosphates, c&c., before given, have been selected to 
illustrate these remarks from the large number I have 
lately analyzed in my laboratory :— 
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A larger quantity of insoluble phosphates than that 
above mentioned, or three or four per cent. beyond, 
either in bone or bone-ash (the latter more especially), is 
undesirable, since the farmer had better provide himself 
with a good superphosphate and fine bone-dust and mix 
them himself. Moreover, from the length of time such 
material is likely to remain useless in the soil, the money 
spent thereon is lying idle longer than can at the present 
time be deemed prudent. 

Another kind of manure, somewhat similar to the 
foregoing, is that in which the nitrogen is furnished by 
some other material than bones. In this way less expen- 
sive manures may be prepared, with in many cases an 
equal and sometimes superior result. Thus we have 
“‘blood-manures,” made either of the fresh blood collected 
from the butchers or from the “ dried blood” now manu- 
factured on a large scale for the purpose, and which is 
very rich in nitrogen. Many other nitrogenous materials 
are now used in the same way, and yield more or less 
useful manures, suitable for application in all cases where 
the simultaneous action of soluble phosphate and nitrogen 
is desirable. Some fine examples of such manures are 
given in Nos. 4 and 5 of the above table. 

Most of the special “turnip manures” now supplied 
are essentially bone manure, and sometimes superphos- 
phates of the kind before described ; in some a proportion 
of fine bone-dust is separately added, more especially in 
those intended for use in districts where it is customary 
to use a mixture of bone-dust and superphosphate for 
turnips. I should be inclined to regard this practice 
in the majority of instances as merely a transition 
from the older one of using bones alone rather than 
as a proceeding based on practical evidence of its 
value, and should recommend in such places the trial 
of a good superphosphate, either alone or with a much 
smaller quantity of fine bone-dust. 

“Mangold manures” are also mostly prepared from 
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bone manures or superphosphates, with a considerable 
proportion of common salt, which seems to be especially 
favourable to the growth of this useful crop. When, as 
is usually the case, a heavy dressing of farmyard dung 
is also supplied, any further addition of nitrogen in the 
artificial manure is unnecessary. As there seems to be 
scarcely any limit to the weight of mangolds that may 
be grown by skilful management, the liberal use of 
artificial manure for this crop will generally shew 
itself well spent in the produce. 

A good mangold manure may be made by adding 
3 cwt. of common agricultural salt to the ton of good | 
superphosphate, and using 5 to 7 cwt. of this mixture to 
the acre. 


NitroGENous ork AmmonracaL Manures. 


PERUVIAN GUANO. 


This valuable fertilizer being, unlike the preceding 
manures, a natural product (although, perhaps, mis- 
called an artificial manure), is found to be in its natural 
state pretty uniform from year to year, so that the 
analyses Nos. 1 and 2 given at p. 187, still represent fair 
specimens of the best Peruvian guano, although it is no 
longer imported by Messrs. Gibbs, Bright, & Co., as 
there stated, and the analysis is now generally worded 
as at p. 274. 

According to the Mark Lane Express, the quantity of 
guano imported into the United Kingdom in 1865 was 
237,393 tons (of which only 9,142 tons were exported 
again), of the value of £2,675,995, of which sum Peru 
it appears received £2,529,408. 

Notwithstanding this large importation, guano is not 
used proportionally to the same extent as formerly— 
that is to say, the quantity of it used in an unmixed 
state is at present considerably less than of superphos- 
phate, and the similar manures we have been speaking 
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of. This is because it is found in the course of experi- 
ence that in numerous cases in which guano was formerly 
used for root crops in certain districts, the above- 
named manures offer an advantageous substitute, giving, 
in many instances, better results at a greatly reduced 
cost ; for, whereas the price of guano is still about £12.10s. 
per ton, that of good superphosphate of the quality we 
have mentioned as the best for general use, is only about 
£6 per ton or less than half. I have no hesitation in 
adding that this is also true as regards partial substitution, 
in the majority of cases in which guano is still employed. 

The extreme richness of guano in ammoniacal com- 
pounds constitutes in fact a practical drawback, since, unless 
great care be exercised in its application, or even with this 
care in unfavourable seasons, these compounds yield no 
commensurate results, simply for the reason that they have 
no adequate opportunity of exerting themselves, so to 
speak : hence a manure with considerably less ammonia, 
and costing much less, would give as good and perhaps 
better results. The use of guano in such cases is therefore 
like employing skilled labour to do unskilled labourers’ 
work, 

In saying this, I do not mean that Peruvian guano is not 
worth the price charged for it; on the contrary, I be- 
lieve it to be still one of the best and cheapest sources of 
nitrogen for agricultural purposes at present at command, 
but that its application to the land in its natural state 
is not the best use we can make of this remarkably 
concentrated fertilizing material. Peruvian guano contains 
too little available phosphates in proportion to the 
nitrogen present, even for corn crops, on the great 
majority of soils; hence its practical effect will be en- 
hanced by increasing the proportion of this constituent, 
which is most cheaply effected by supplying soluble 
phosphate in a good superphosphate ; this admixture can 
be carried out with little trouble by the farmer himself, 
and will be amply repaid by the saving effected. Thus 
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for wheat on strong soils, on which guano is found most 
serviceable, the use of one-third superphosphate to two- 
thirds guano, will be found at least equally advantageous, 
with a considerable saving in cost. For example, instead 
of 10 tons of guano, at say £12 = £120, if we use 
62 tons, costing £80, and 34 tons superphosphate 
at £6 = £20, the manure will cost £100 only, 
leaving a gain of £20. 

For wheat on lighter soils one-half superphosphate may 
be safely substituted with the best results (the same 
weight of the mixture being used per acre as would 
be used of guano alone, generally from 2 to 3 cwt. - 
per acre), while the saving thus effected would amount 
in the above example to £30. For root crops, where it is 
still thought advisable to use guano, I would recommend 
the use of a mixture of two-thirds superphosphate and 
one-third guano, which will be sufficient to preserve the 
effects of thenitrogenous manure ; and I have nohesitation 
insaying that a sounder and heavier crop will be obtained. 

This latter mixture also constitutes a valuable “ barley 
manure,” and will be likely to give a better quality of 

barley, while still increasing the yield. 

This mixture may also be used with the greatest advan- 
tage for grass, and is then best applied in the early spring, 
at the rate of about 2 or 3 cwt. per acre, observing the pre- 
cautions pointed out under “ Application of Manures,” 
and with respect to grass land, more distinctly a page or 
two hence under ‘ Nitrate of Soda.” 

The use -of superphosphate with guano in all these 
cases has the further advantage of leaving the land in a 
better condition after the crop than when guano alone is 
used. This must needs be the case if we bear in mind 
the extra drain upon the soil to supply phosphates to a 
crop manured with a nitrogenous manure (although guano 
supplies a small amount of phosphates, and is better on 
this account, as will presently be pointed out, than a purely 
nitrogenous manure). It may algo be said that the barley 
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crop should make use of the phosphates left over from 
the root crop, as it does in ordinary cases; but the fact 
of a direct application of manure to the crop being found 
advantageous, would show that it does not get enough in 
this way, and is an argument against giving more 
manure, or such constituents of manure, to the root 
crop, than it is likely to make use of during its growth. 

Since the restrictions formerly existing with regard to 
the sale of guano in admixture with other manure haye 
been wisely modified, several excellent prepared manures 
have been brought into the market, having guano for 
their basis, and in which its constituents are more or less 
changed by the action of sulphuric acid and the addition 
of other matters; and some of which are found 
to give results practically superior to unprepared guano, 
and at a less cost, as can be understood from what 
has above been said. 

The following table represents some examples of 
these manures, which will doubtless be recognized by 
their composition, but for obvious reasons I omit the 
names of manufacturers in this and other instances :— 

PREPARED GUANOS. 


f wD 2. 3. 
IMOISLULCieaicwisisicge capers este RULOIOE ww (IG SE yrs 48 8:15, 
Organic Matter, and ) : ; : 

Ammoniacal Salts* .... ee ee eer ee 
Biphosphate of Lime........ 12°86 .. 23°22 .. 10°53 
equal to 
Bone Earth made soluble .... (20°03) .. (86°23) .. (16°48) 
Insoluble Phosphates........ TOA, YO ee irate 
OXIA VOLO IGD eb ckise een OLOl Aelia oss 
Sulphate of Lime .......... Ochon seme Of0 se. EDS 


Alkaline Salis Se 29s2... 006 bed we, 3:42) SF i196 


Sulphate of Magnesia........ mah Pisces diate” (O16 

Insoluble Matters .......... PRA 56 0:64. oe ee 

10000 .. 100°00 .. 100°00 

* Containing Nitrogen........ 8°69 .. 233 .. 9°52 
equal to 


AMMONIA... cece sees eves eres 1056600) 2:84.54, 411-55 
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It would be difficult here to speak of the individual 
merits of the above or similar manures (my opinion and 
analysis having already been given in the published 
reports by their respective manufacturers). Those 
above represented are, however, all very concentrated 
fertilizers, and with due care in their application 
calculated to produce the best results in. the crop 
for which they are more especially recommended. They 
afford good examples of the superior class of artificial 
means now at the command of the agriculturist at a 
moderate price. 

In connection with the above it should be mentioned | 
that a new natural guano fully equal to these, has just 
been introduced, and which is reported to be forth- 
coming in large quantities. It contains, according to my 
analysis (lately published with those of other chemists), 
a large amount of alkalic phosphates, equal to about 23 
per cent. of soluble phosphate of lime, with also 11 per 
cent. of superior insoluble phosphate, and about ten per 
cent. of ammonia; it also contains about 6 per cent. of 
potash. 

Damaged Peruvian guano is sometimes met with, and 
should be considered as distinct from adulterated guano, 
since in the ordinary course of trade cargoes are occa- 
sionally found in a more or less deteriorated condition, 
from various causes, and which are disposed of 
at a reduced price, sometimes considerably below their 
value, the extent of deterioration being apparently 
greater than it really is; while on the other hand such 
samples are of course as objectionable as adulterated 
samples when sold as genuine. Thus, while the farmer 
should be on his guard in buying genuine Peruvian guano, 
that the bulk supplied is up to the mark; he may at 
times in buying guano offered as damaged, secure a 
bargain: several cases of which have come to my know- 
ledge. The latter is the more likely to happen in the 
cases of samples rather too moist to be used alone; but 
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still fit to be mixed as we have recommended, ortobe used 
in the preparation of special manures by manufacturers. 

In dealing with such samples of guano, chemical 
analysis is however indispensable, for although a buyer 
may be able to distinguish between a bad sample and a 
good one, such knowledge would be of but little avail in 
such cases, because we want to know “how much” 
ammonia, &c., is still present. Many cases of adulterated 
guano have been discovered in my laboratory during the 
last four years, one or two examples of which are given a 
page or two hence. 


INFERIOR GUANOS. 


Besides Peruvian guano, we have, as well known, 
several other kinds of more or less agricultural value, and 
new varieties of which are occasionally discovered, 
although it is hardly to be hoped that many such 
deposits as those of the Chincha Islands (which yield the 
Peruvian guano) remain to be found out. The following 
list comprises some of the best known guanos that have 
been imported :— 


List oF GUANOS. 


Peruvian. Angamos, 
Bolivian. Sombrero, 
Ichaboe. Maricabo. 
Kooria Mooria. Baker’s Island. 
Bird Island. Falkland Island. 
Californian. South African. 
Saldanha Bay. Pedro Key. 
South Australian. Swan Island. 


Although some of these less known guanos are found 
to be valuable manures, in some cases even rivalling 
Pernvian, as is the Angamos guano occasionally 
brought to this country in small quantities, and contain- 
ing over 20 per cent. of ammonia, they are as a rule 
very inferior to Peruvian—that is, as far as the fitness to 
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be used at once for manure, is concerned, being mostly 
“Phosphatic Guanos”—that is, natural mixtures, in 
which more or less phosphate of lime (generally in a 
state of inodorous dry powder, except in the fossilized 
guanos) is associated with carbonate of lime and earthy 
matters, and sometimes with a little ammonia. They 
are supposed in most cases to have been formed in a 
similar manner to Peruvian, but afterwards deteriorated 
by exposure to the weather in damp climates (the pre- 
servation of Peruvian guano being due, as well known, to 
the exceptional dryness of the spot where deposited. 

Of the other guanos Bolivian is probably the most 
valuable, since it occurs in quantity, and is found to be 
a good manure for root-crops, for which it is sometimes 
used. It contains about 60 to 63 per cent. of phosphate 
of lime, with about 1 per cent. of ammonia. 

From the want of sufficient knowledge of the 
nature of manures on the part of agents abroad and 
others, cargoes of materials are sometimes brought to 
this country under the name of guano, often by respect- 
able houses, which are almost worthless, several instances 
having come to my knowledge of such “ guanos ” having 
to be sold forless than the freight, and bad bargains at that. 
Hence it needs no great penetration to perceive that 
persons who take for granted the existence of high fer- 
tilizing properties in any material because it is called 
guano are often likely to be deceived. 

Even the better kinds of phosphatic guanos, although 
valuable for conversion into soluble phosphate, do not as 
a rule possess much value in the soil in an unprepared 
state, since the phosphate of lime they contain is in an 
insoluble state, and although in some instances, owing to 
the fine state of organic division in which it occurs, such 
guanos give good results on root-crops—such results can 
seldom be favourably compared with those of super- 
phosphates at the present price of the latter. 


. 
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NITRATE oF Sopa 


Still holds its place amongst the principal nitrogenous ~ 
manures, and has of late years been very extensively 
used, especially as a top-dressing for wheat, the yield 
of which it is found materially to increase. The plan of 
using it, in conjunction with salt, may still be recom- 
mended, about 1 to 14 cwt. per acre of the nitrate being 
a fair dressing. 

The action of this manure is not, on the whole, so 
satisfactory as guano or manures containing phosphates, 
since the whole of the latter required by the crop when 
manured with nitrate has to be furnished by the soil. 
Hence, the land will be left in a worse condition after 
the crop than with guano, so that we may regard nitrate 
of soda more in the light of a stimulant to enable crops 
to assimilate what the soil can supply, rather than as a 
substantial addition of plant food. 

Nitrate of soda is also used as an ingredient in some 
of the prepared corn manures, especially top-dressings, a 
purpose forwhich it appears well suited. Itisalsoused with 
good effect in grass manures. <A good spring dressing for 
grass consists of equal parts of uitrate of soda and super- 
phosphate, applied either in conjunction with about an 
equal weight of salt, or with the “compost” often used 
for grass land. The following passage regarding this 
compost and other manures for grass is quoted from my 
“Food Feeding and Manures :”— 

“Mild, diluted manures seem to be those best suited 
for this description of land ; however, nothing. can be 
better than the composts usually applied to this purpose, 
provided they contain sufficient fertilizing materials in 
addition to the earthy matters which necessarily form 
the chief part of such mixtures, and which serve no 
other purpose than to equalize and temper the more 
active ingredients, just as, to use a fanhiliar simile, ardent 
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spirits are less injurious and more agreeable to the 
human palate when diluted with water. But, unfortu- 
nately, the mixtures supplied to grass-land under the 
name of composts often consist of the merest rubbish 
alone, with scarcely any fertilizing ingredients. More- 
over, the vegetable refuse used in the formation of 
such compost is sometimes imperfectly rotted before 
addition to the grass, so that the roots and seeds of 
weeds from the cleaning of other land become thus con- 
veyed to the grass, and may do more mischief than the 
scanty manure does good. Whatever materials we may 
use in the formation of composts, sufficient manure, 
either as ordinary dung or in the shape of drainings 
(which are well suited for this purpose), should be added 
both to effectually rot any vegetable remains, as well as 
to impart virtue to the mass. 

“Liquid manure is also, when available, an excellent 
medium for manuring grass-land, as the fertilizing ele- 
ments thus supplied are very equally distributed, and at 
once fit to be made use of by plants: indeed, the quan- 
tity of grass that can by this means be procured is in 
some places almost incredible, and worthy of a more 
extended imitation.” 


Procurinc MANURES. 


The means of obtaining good artificial manures have 
fully kept pace with the improvements in the articles 
themselves, for owing to the present facilities of trans- 
port, and a great extension of the practice of appointing 
agents by distant manufacturers, almost every market in 
the kingdom is abundantly supplied, so much so, indeed, 
as to make it difficult sometimes on the part of the 
farmer to know which to choose. 

As in other branches of industry, competition has 
been the chief cause of this,and has benefited the con- 
sumer of artificial manures, through its being, of course, 
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the main cause in bringing about the improvements both 
in quality and price we have been speaking of. At the 
same time, it is the interest of buyers to discourage the 
reckless competition sometimes heard of, especially in 
superphosphates, which are offered of a quality and at a 
price inconsistent with the known sources of supply, 
and it should be met by putting all such bargains te 
the proof of analysis, as they are often based on the 
chance that the buyer will take for granted the quality 
of the manure supplied, as he too frequently and unwisely 
does. 

The positively bad manures common some years age 
under various highflown names, and which did a great 
deal of mischief, not only by fleecing those who were 
unfortunate enough to buy them, but by encouraging 
a disbelief in the value of other really valuable manures, 
and so retarding their usefulness, are now less heard of. 
This is because the knowledge of the nature of manures 
and their action in the soil is far more widely disseminated 
of late years, especially amongst the more advanced class 
of agriculturists, and also to the fact that the manure 
trade has fallen more into the hands of established 
manufacturers of stability, who carry on the business in 
a more open and enterprising manner. A _ better 
appreciation of chemical analysis, as the only means of 
ascertaining their value, both on the part of makers and 
buyers of manures, has also contributed to the above 
result ; for although farmers do not individually avail 
themselves of analysis in the purchase of manures or of 
oil-cakes (which are still more difficult to obtain of good 
quality) to the extent it would be clearly to their interest 
to do, yet some of the more advanced farmers’ clubs now 
devote a small portion of their funds to this object ; and 
considering the good that has been and may be thus 
conferred, it is obviously a wise proceeding on their part, 
and worthy of more extended imitation. 

Notwithstanding the supply of artificial manures is 
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thus, on the whole, satisfactory, instances of loss, both in 
money and crops, through adulterated and inferior 
manures, are still sufficiently common to warrant a 
careful discrimination on the part of the buyer of these 
articles, especially guanos, which, from a too confiding 
system of business, sometimes find their way into the 
hands of respectable firms, who may sell them at 
prices far above their value, although without the 
slightest intention of fraud, but which is not, of course, 
on that account less disadvantageous to the purchaser. 

The following examples will doubtless be recognized 
’ by those who sent the samples to me for analysis ; and as 
T have already explained how a considerable saving may 
be effected by a judicious admixture of manures, I may 
here give an example or two of a saving to be effected 
through avoiding a contemplated purchase of an 
adulterated manure through the timely warning of an 
analysis. 


Recent EXAMPLES OF ADULTERATED MANURES. 


a 2. 3; 
Moisture 2... oO. cate eaeta etn 1 Lace ees @13" oy “306 
Organic Matter, and ‘ ‘ 4 

Ammoniacal Salts*...... DOA isn A OGT te ape 
Phosphate of Lime.......... 16:32 Geel S So armel oe 
Carbonate of Lime.......... amo ytal Sa NE We fer 7°62 
‘Alkaline Salts. 22. ...0..00 es Ae eile Ge a AOKI | orceh le IRRY. 


Insoluble Maiters, Sand, &c... 28°08 .. 4612 .. 29°80 


10000 .. 100°00 .. 100:00 


* Containing Nitrogen ...... 645 .. 4:34 .. 1:02 
equal to 
AMMONIA. scar scceseess. £85 «. ORT .. 1:93 


The guano No.2 had all the appearance of genuine 
Peruvian, the quantity of which present in it being 
sufficient to impart the strong characteristic smell, and a 
fair proportion of the small crystalline lumps which always 
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occur more or less in this manure. It contained, how- 
ever, as will be seen, 46 per cent., or not far short of 
half its weight, of earthy matter in the shape of fine loam, 
which, being very similar in colour to guano, rendered 
the mixture an excellent imitation of genuine guano, 
and would deceive the best judges by its appearance. 

This sample contains less than one-third of real guano, 
and would therefore be worth (taking guano at, £12 
per ton) about £3. 10s.; but as we usually make a 
further reduction for so large a quantity of useless 
material, the entire matter would not be worth much 
more than £3 per ton. Supposing it to be sold at £10 
per ton, at which price many persons would be induced 
to buy it, here is a loss of £7 per ton. 

The sample No. 3 was a very dark-coloured material, 
with a strong offensive smell, and might easily be mis- 
taken by persons whose ideas of manure are vague, 
although otherwise well informed, for a rich manure. 
It will be seen, however, that it contains about 30 per 
cent. of water to begin with, a good deal of organic 
matter, but mostly of a non-nitrogenous kind, in a state 
of decay (hence its strong smell, which I need hardly 
say is no evidence of value in manures). The amount of 
ammonia it yields is only about 1 per cent.; and as it 
contained no other constituent of any appreciable value, 
and further had nearly 30 per cent. of sandy matter, its 
money value is considerably less than £1 per ton. 

Cases of loss in this way are bad enough, but much 
_ augmented when, as not unfrequently happens, a loss of 
crop ensues, and fall most heavily on small farmers, who 
are least able to seek redress, but which should be firmly 
enforced and exposed when discovered by persons having 
the means of so doing. 

We thus perceive that the use of cheap manures 
(adulterated manures are generally, but not always, 
offered at a low price), as of other cheap things, cannot 
be safely substituted for cus of a fair price (which had 
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better be used in smaller quantity), as their use is at 
best hazardous, and will in most cases be found false 
economy. The remarks made in the earlier portion of 
this work, at p. 194, as to the best means of obtaining 
the artificial manures we require, may therefore still be 
recommended, especially as the facilities of obtaining 
analyses, or partial analyses, are at present greater than 
at that time, through the establishment of my labora- 
tory. 

ws regards the making of superphosphates and other 
manures by farmers, a few words should perhaps be said ;- 
but beyond the mixing and sifting of dry materials, as for 
the better employment of guano, and as a preliminary 
operation to the application of other manures, I would 
not recommend farmers as a rule to proceed, but may 
here quote a recipe from my lecture on superphosphate, 
for the benefit of those it refers to. 

“Tf, however, any farmer out of curiosity should desire 
to try his hand at superphosphate-making, the following 
directions may be followed; but it must be understood 
that I by no means recommend this process to manu- 
facturers for the making of superphosphate generally. 

“For a ton of bones, which should be ground small and 
boiled, to extract as much as possible of the fat, the 
following quantities of acid and water may be used ; viz., 
740 lb. white oil of vitriol, or 850 lb. brown acid; this 
is about equivalent to 41 gallons of the former and 50 
gallons of the latter. 

“1,000 Ib., or about 100 gallons of water, are divided 
equally, one part being used to moisten the bones and 
' the other to dilute the acid. The latter operation should 
be carefully performed in a large bucket or tub, pouring 
the acid in a small stream inte the water, ae latter 
being well stirred meanwhile. The bones should be 
thorou ghly moistened with water from a garden watering- 
can, and left for two or three hours, or longer, to get well 
soaked. The mixing should be made in a wooden. trough 
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or large tub. If a sufficiently large vessel cannot be had 
to receive all the materials at once, it may be done ina 
smaller one, using successive and proportionate quanti- 
ties of bones and acid ; or the mixture may be made, but 
not so well, on the ground (with a hard clay surface if 
possible), a ring being made with ashes (black or red, 
about equal in weight to the water used), to prevent the 
liquid flowing away. The acid should be gradually added 
to the bones, the whole being well stirred with a wooden 
rake to insure uniform admixture. As soon as the acid 
is all added and the mixing completed, the greater part 
of the ashes may be thrown over the mass, and the whole 
allowed to stand for some days. The heap may then be 
opened, and the whole of the ashes well incorporated 
with it ; the mass being then allowed to stand again for 
a week or so, and if not then sufficiently dry, may be 
broken up .again and re-made into a heap, with thin 
layers of fresh dry ashes. By this means a superphos- 
phate may be got perfectly dry and manageable; the 
large addition of ashes being, of course, no great objection 
when, as we are supposing, it is to be consumed on the 
farm where made. 

“A superphosphate made in this way, with the first 
quantity of ashes mentioned, was found to contain 12-27 
per cent. of soluble phosphate, and nitrogen equal to 
2-07 of ammonia.” 

Although it is sometimes said that the manufacturer’s 
profit would be saved by the farmer buying the raw 
materials of manures, and having them mixed by his 
men as opportunity offers, it is found practically at the 
present time that manures of the best quality, both 
chemical and mechanical, can be bought for less than the 
farmer would have to pay for their unmanufactured 
ingredients. This must needs be the case if we recollect 
that the manufacturer buys his material in large quan- 
tities, generally by hundreds of tons, and at times 
when the command of capital (without which he cannot 
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succeed) offers special advantages, and frequently also 
makes the sulphuric acid he uses. Hence the practice of 
dissolving bones, formerly common amongst farmers, is 
almost discontinued, as it is found not to pay. 


APPLICATION OF MANURES. 


It has been mentioned that the mechanical qualities of 
manures or their physical condition, as regards dryness, 
uniformity, and pulverulence, are points of much 
importance, and that in these respects almost as much 
general improvement has been made of late years, as in 
the proportion of soluble phosphate or other chemical 
qualities. Many otherwise superior manures would, how- 
ever, still admit of improvement in these respects. 

The value of these properties is discovered more 
particularly in the application of manures, which cannot 
be properly carried out without them, and so important 
is it that the fertilizing elements of manures shall be so 
placed in the soil as to allow of their exercising their 
full effect on the plants of the crop, that a good 
mechanical condition will often determine the practical 
superiority between two or more manures otherwise 
much alike. In fact, a manure which is chemically defi- 
cient, may, by possessing excellent qualities in this respect, 
actually gain a character for superiority in the field ; thus 
showing, not that chemical properties are of secondary 
importance, as we might at first sight conclude, but that 
the physical characteristics above spoken of, are a necessary 
adjunct to allow of their due effect on the land, and 
without which a manure will compare unfavourably 
with others in which this point is better attended to. 

It is true that extra care in application will to a great 
extent compensate for an imperfect physical condition, 
but we are of course supposing that all manures are 
treated alike in this respect, with as great an amount of 
care as can practically be bestowed. 
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" The above must needs be the case if we reflect that 
the same quantity of soluble phosphate will better 
nourish a turnip plant, if distributed all around and 
under it, or in such a manner that the whole of its root- 
fibres can operate upon it, than if placed merely in a 
few adjacent spots where comparatively few of its fibres 
can reach it. Moreover, in the latter case, the few roots 
so supplied may get too much (for all the essential 
constituents of manure are objectionable in excess), and 
thus suffer injury, for a time at least, instead of benefit. 

The first condition therefore necessary to allow of the 
manures we purchase having their full effect in developing 
the crop, and consequently also our profit, is that they shall 
be evenly and thoroughly disseminated through the soil, and 
to this end it is most desirable that the manure shall be 
supplied by the manufacturer in a state of fine powder or 
admit of being made so without trouble when mixed 
with some dry material just previous to application (for 
the best manures if kept any length of time in bags are 
apt to get lumpy; but such lumps can be easily broken 
down, and differ altogether from those arising from badly 
prepared manures). It is sometimes said that the action 
of rain and moisture is sufficient to diffuse the constituents 
of manures in the land without our troubling much 
about it ; but although these natural agencies do assist our 
efforts in this way, we should rely on them only to com- 
plete our imperfect work, as, if we consider the minute 
quantity of manure we add compared with the bulk of 
the soil, we perceive that avery extensive natural 
distribution would be requisite to compensate for such 
neglect on our part ; and that such natural distribution 
is not under ordinary circumstances suflicient, we might 
safely conclude from the superior crops which may be 
obtained by a little extra attention in this respect. The 
preparation of the soil also by judicious previous manage- 
ment and thorough cleaning, é&c., being, it need hardly 
be said, an essential preliminary to the above. 
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The mixing of manures with some dry material when 
about to be used is an excellent practice, and one that 
might often be extended with advantage, as it affords the 
best practicable means for carrying out the above theo- 
retical requirements, which are best illustrated in rich 
garden mould, or the “ maiden earth” of old pastures, in 
which all the elements of fertility. are abundantly 
present, but in so perfect a state of admixture as to defy 
detection, except by suitable chemical tests. 

Ashes, either black (coal ashes) or red (burnt earth and 
weeds), do well for this purpose if properly sifted ; or even ~ 
dry earth beaten down or well sifted may be substituted. 
The mixture is best effected by turning the manure out 
of the bags in alternate layers with the ashes (using 
two or three times as much, or even more, of the latter) 
in a flattened heap, and afterwards putting the whole 
through a screen, cutting vertically into the mass. The 
same mode of proceeding may be used for mixing guano 
as before spoken of ; and if time can be spared, it will be 
labour well spent to put the whole again through a finer 
sieve, pulverizing the manure and soil or ashes well 
together—not too violently in the case of superphosphate, 
which is apt to get pasty by pressure. The following 
passage regarding the application of superphosphates, Wc., 
to root crops is here appropriate, and is quoted from the 
source before named :— 

“Tt may be questioned whether the plan usually 
followed of drilling the manure with the seed is the 
most advantageous mode of applying it. By this plan 
the manure is put too much in one place, and too much 
about the plants at the earlier stages of their growth. 
On the other hand, the plan sometimes adopted of sowing 
the manure with the ‘broadcast distributor’ before 
‘ridging up,’ when this mode of cultivation is followed, 
disperses it too much, and places it too far out of the 
reach of the plants at first. The liquid-manure drill, 
when it can be used, is superior to either of these modes, 


APPENDIX. 281 


though still open to the objection of depositing the 
manure in one narrow line. Some plan, intermediate 
between the two former, would probably give the best 
results.” 

In using ammonial manures for corn crops, it is a good 
plan as arule to sow the manure broadcast and have 
it lightly harrowed in previous to the seed being drilled. 
In applying top-dressings, wet weather is, as well known, 
the most favourable, the precautions above pointed out 
being in such cases especially requisite ; it is alsoa good | 
plan to allow such manures to lie for a few days after 
being mixed with earth, &c., before distribution. 
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